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The main object of this treatise is to 
deduce general formulas for the resist- 
ance of beams and girders applicable to 
all cases, and to set forth truly " practi- 
cal formulas,*' so far as seemingly re- 
quired, in the use of existing forms and 
sections. These formulas are shorter 
and simpler than the corresponding onea 
in general use, and are, besides, practi- 
cally perfectly accurate, which is by no- 
means the case, as we have abundantly 
shown, with the common formulas. 

The author is here led to remark thai 
no truly practical formulas on any sub- 
ject were ever produced except by those 
having a knowledge of the subject. Nor 
can there be a truly practical man — one 
who does things in his calling or profes- 
sion in the best way — whose practice is 
not founded upon a personal knowledge 
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of the principles of that calling or pro- 
fession. 

Practice not founded on knowledge is 
gaesswork, and is always awkward, round- 
about, and very expensive to those who 
pay for the guessing. Formulas devised 
by such " practitioners " are needlessly 
lengthy and incorrect, and well calculated 
to consume time and increase expense. 

The principal errors in this subject 
are : 1st. Those arising from the use of 
erroneous formulas. These amount to 
10 or 15%, or even much more in some 
cases. 2d. Those arising from erroneous 
estimates of the load coming upon beams, 
girders, etc. This is usually 12. i%, but 
may be much less, as demonstrated in 
the text. The loads for given engines 
and wheel spaces are no doubt sometimes 
computed. But even then, unless those 
wheel spaces are such as to produce a 
maximum load on the beams, which is 
very improbable, the beams for a different 
spacing would be liable to a greater load, 
even up to the maximum, and would 
therefore be deficient in capacity, though 
not 12 i%. 



The combined error is usually not less 

that 25%, and on the side of danger. 

Deficiencies due to errors in sizes,'or. 

. to imperfect workmanship, or to a poor 

quality of material, do not come within 

the province of this book. 

I Numerous applications of the formulas 

, and comparisons with the usual ones are 

I found in the book. The problems in de- 

L signing are intended as approximate 

* models, and also incidentally to illustrate 

\ in a general way the use of the formulas. 

Appropriate tables are given for the 

proportioning of rivets, pins, joists, floor 

^ beams, stringers, etc. 

The author submits the book to the 
judgment of the profession, hoping it 
naay be a convenience, and that it may 
aid in correcting present errors and in 
avoiding others. 

P. H. Philbrick. 



BEAMS AND GIRDERS: 

Praetieal Formulas for their -Resistanee. 



By practical formulas is meant, those 
which are both simple and accurate, those 
which can he easily and safely used. 

It is well known that the moment of 
inertia is a factor in most formulas involv- 
ing the moment of resistance ; and that 
we usually arrive at the latter through 
the former. Otherwise we have little 
interest in the moment of inertia. The 
moment of resistance, however, does ex- 
press something fundamentally essential; 
and the best formulas for the same are 
therefore very desirable. This will be 
clear as we proceed. 

Accurate formulas for the moment of 
resistance of all usual sections are well 
known, but, being more or less complex, 
and therefore unmanageable by many 
Bridge Engineers and Architects, other 
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formulas more simple and seemingly 
quite correct, but unfortunately very er- 
roneous, have come into general use. 

The main objects of this treatise are : 

1°. To deduce and set forth simple and 
accurate foimnlas for the resistance of 
beams, girders, etc. 

2®. To point out, to some extent, the 
errors of the formulas in general use, and 
the reasons for the existence of these 
errors. 

3®. To apply the new formulas in the 
examination of existing cases and in de> 
signing floor beams, track stringers, etc. 

The nature and importance of the 
moment of resistance will be best under- 
stood by first considering the forces 
that, in ordinary cases at least, produce 
it. We may then advantageously con- 
fine the discussion to the moment of 
resistance itself. 

I. Let abed ^Fig. 1) represent a beam 
fixed at the end bd and loaded with a 
weight W at the free end ac. Length of 
beam=::f/^=Z. 

It is evident that the fibers on the 
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lower part of the beam will be com- 
presBed, and those on the upper part ex- 
tended ; and that, as a consequence,^the 
beam will bend« 
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The fibers on some intermediate plane, 
briy will therefore be neither compressed 
nor extended. This plane is called the 
neutral plane or axis. 

The main points of the common theory 
of the resistance of beams to external 
forces in general are : 

1°. The extensions and compressions 
of the fibers are directly as the forces 
that produce them. 

2°. The forces, and therefore the com- 
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pressions and extensions also, are directly 
as their distance from the neatral axis. 

3^. The neutral axis passes through 
the center of gravity of the section. 

We are now prepared to explain the 
nature of the equilibrium between the 
external and internal forces. 

Consider any section, e/", perpendicular 
to the axis of the beam. 

Let 6= the breadth, c?=the depth and 
x=lni, the distance from the free end 
to any section considered. 

"We will first consider the external 
forces. Take moments about m. The 
moment of W is Wx, and this can be bal- 
anced only by the moments of the strains 
upon the fibers both above and below 7??, 
about the same point m. The force W 
also produces a shearing or cross strain, 
equal to W, upon every vertical section 
of the beam ; and this strain can be met 
only by an equal stress upon the fibers in 
the same direction. By applying the 
equal and opposite forces W and VV on 
the section ef, the external strains may 
be made more apparent to some. 
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Since these forces balance each other, 
they cannot disturb, or in any way change 
the existing state of things. These forces, 
however, with the force W at the end of 
the beam, constitute the couple Wj;W, 
whose moment is Wx/wi=Wfc; and the 
force W, which creates the shearing upon 
the section e/ and upon all sections of 
the beam. 

We see that the shearing strain in a 
beam loaded as in Fig. 1, is constant on 
all sections, but that the moment of strain 
Wx increases with x, or the distance of 
the section considered from the load. 
Hence at the fixed end the moment is a 
maximum, the fibers there are most 
strained, and the section at the fixed end 
is the '* dangerous " section. 

At the fixed end we have, the maxi- 
mum moment =M„=W/. (1) 

Having found the moment of external 
forces upon a beam fixed at one end and 
loaded with a weight W at the free end, 
we will proceed to find an expression for 
the moment of internal forces. 

Let s=:the strain upon a unit of fibers 
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at e. Take eh^s. Were all the fibers on 
the cross section em of the upper half of 
the beam equally strained it is plain that 
the volume of the parallelopiped, whose 
face is ehnm and depth is b (the breadth 
of the beam), would represent the ten- 
sion upon the upper half of the beam. 
Since, however, the straius decrease reg- 
ularly from the outermost fiber to the 
center, where the strain is zero, it follows 
that the strain on the upper half of the 
beam will be represented by the wedge 
whose face is ehm and breadth is h. 

The resistance to tension is therefore 
equal to ^ emxehx ^=i hda. 

The moment of this resistance is equal 
to this value multiplied by the distance of 
the center of gravity of the wedge from 
the center of the beam, which is equal to 
^em=^d. Hence the moment of resist- 
ance is equal to ibd8Xid=-^hd^s. 

Since the moment of resistance to com- 
pression is the same, the total moment 
of resistance is therefore M.=^bd^s, (2) 

Again, the moment of resistance of the 
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cross section em about its lower edge at 
m is, as just found, ^hd^s^\h{\'1fi^ (3). 

This shows that the mo nent of resist- 
ance of a rectangle about one edge is 
equal to one-third (J) the breadth multi- 
plied by the square of the depth and by 
the modulus of strain. 

In the case of a beam, fixed at one end 
and loaded at the free end, we have seen 
thnt the moment of strain on the cross 
section at the fixed end of the beam is 
WZ ; and that the moment of the resist- 
ing forces on the fibers is \ b(Ps^ the no- 
tation being as heretofore. These quan- 
tities must be equal, and hence 

Wl=\bcC8 (4) 

In all cases, the moment of external 
forces called the " bending moment " 
must be equal to the moment of internal 
forces, that is to the " moment of resist- 
ance." 

s of course increases with W, and 
whether in any given case, 8 is as great 
as the material will stand, in which case 
it is at the point of rupture, depends 
upon the load W, that the beam has to 



14 



sustain, and upon the area and form of 
the cross section of the beam. 

For a given load W, we solve for s and 
find, 






(5) 



For a given or allowable value of « we 
solve for W and find 
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(6) 



Case II. 

Let the beam be fixed at one end and 
uniformly loaded. 



Fig. a 




Let w=load per unit of length. 

W= total load. Other notation as 
before. 

Consider a section *>i em. 

Load on ($e=iox. The center of grav- 
ity of the load is at a distance from e 
equal to ^x. Hence the moment of the 
load about e is equal to 

M.=ioxX Ja;=i^<?»^ 

At the fixed end 

x:=l and M.^wlXil^'iWl (7) 

Case IIL 

Let the beam (Fig. 3) be supported at 
the ends and carry a weight W at the 
middle point n. Notation as before. One 
half of the load will be carried to each 
support. Hence the reactions V and Vj 
are each equal to ^W. 

The moment of strain on any section 
efia ^Wx, The greatest strain on the 
left hand half of the beam corresponds 
to the greatest value x can have for that 
half, and which is equal to il. Hence 
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the greatest strain on that half, and there- 
fore on the beam is, 

M.=i\Vxi/=iW/ (8) 
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Case IV. 

Let the beam (Fig, 4) be supported at 

the ends, and uaiformlj' loaded as in Case 

II. Notation as usual. We evidently 
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have V=V,=^W. Hence at any section 
ef we have the moment of V=^Waj. The 
load between V and e is equal to trar, and 
its lever arm is \x ; hence the moment 
of that load is \wqi^. 

Since this moment acts in the opposite 
direction from the moment of V, their dif- 
ference gives the moipent on the section. 
Hence M— ^Wsi— i^(;a;^ Putting x=^\l^ 
this becomes 

M„=iW/ -^K?Z'= JW/ (9) 

To prove that equation (9) gives the 
greatest strain upon the left hand half of 
the beam, and consequently upon the 
beam, since the beam is symmetrical 
about the center, put a;=^Z— a in the 
value for M and we have : 

M=iW(.i/-a)~it^(i/-a)2=iW/-iWa 
But iwla=iWa .-. M=iWl-iwl'-iiva^ 

which is less than M„ given by (9). 

Substituting ^l±a for x will give pre- 
cisely the same result and show that the 
strains are symmetrical with reference to 
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the center, which, in the nature of the 
case, we know to be true, and that the 
strain is a maximam at the center. 

Putting the differential coefficient of 
M=^Wa:— ^Mw" equal to zero, we have, 

- z=-hW-^WX = ,\ x= — =*/, 

ax w 

for the point of maximum strain as al- 
ready found. 

Comparing equations (1), (7), (8) and 
(9), we see that, for the same total load, 
in the four cases considered, the moments 
of strain upon the sections of greatest 
strain, and consequently the moments of 
stress upon the fibers, as well as the I 

stresses upon the fibers, are as the num- 
bers 8, 4 2 and 1. Hence the beams are 
capable of carrying loads, disponed as 
shown, in the ratio of 1, 2, 4 and 8. 

For example, a be am supported at the 
ends and uniformly L aded will carry 
eight times as great a load as tlie same 
beam will carry when fixed at one end 
and loaded at the free end. 

In the first case, the shearing stress, 
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which we will represent by S, is constant 
and equal to S,=W (10). 

In the second case, the shearing stress 
at any section ef is evidently equal to the 
load between the free end and that sec- 
tion, and is S=ti!7j;. This is a maximum 
at the fixed end and equal to 

S,=w/=W (11) 

In the third case, since V— ^W and 
there is no load between V and the load 
at the middle, the shearing stress at all 
points of the beam is evidently equal to 

S.=iW (12) 

In the fourth case the reaction V=iW 
and as the load between the free end and 
the section ef is equal to wx^ the shear- 
ing stress on that section is equal to 

At the end this is a maximum and 

S=iW (13) 

At the middle S=iW-w?i/=o. 

JExample 1. — Suppose the safe stress 
per square inch to be, 5=1200 pounds, 
^=16 feet, 6=3 inches, and e/=l2 inches. 
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"What weight, uniformly distributed, will 
the beam, supported at its ^ids, carry ? 
From equations (2) and (9) we have: 

iWl=ib(rs or 

4X3X12^X1200 ^^^^ , 

= 3x16X12 =3600 pounds. 

Example 2. — There are 9 joists 
3"Xl2"xl7' equally spaced, carrying 80 
pounds per square foot on the floor of a 
bridge, which is 16 feet wide. What is 
the greatest strain per n" of fibers? 

Each of the two outer joists carries but 
one-half as much as each of the others. 
Hence each of the middle joists carries 
^ of the total load or 

80x16x17 
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=2720 



Now 2720= -^7- and 5=963 pounds. 



Other Cases of Loading. 

Case V.— A beam resting upon two 
supports and loaded at any number of 
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points. If a beam is loaded in any man- 
ner it is only necessary to find the mo- 
ments of all the forces in reference to the 
center of the section considered, and 
place the algebraic sum equal to the 
moment of resistance of the section. In 
Fig. (5), let the weights P,, P,, P„ etc. 




rest upon the beam at distances respec- 
tively equal to m^, m '^^ ^^'» ^^vr^rn r^nA 



ni^, etc. from one 
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support; and n^, ,??, n,, etc. from the 
other. Let /=the distance between the 
supports, and V, and V, the reactions at 
the supports. Consider any section, cdy 
distant x from the support A. The 9um 
of the moments of the forces on the sec- 
tion cd is 

V,X-P,(«--w.)-P,(a-wO-etc. 

to include all the P's between A and cd. 

For rectangular beams we have there- 
fore 

Vjic— P,(aj— m^)— P,(a;— m,,)— etc. 

^ibd's. (14) 

To find Yj take moments about B and 
find, 

V^/=P,n, 4- P,w, 4- P.n, 4- etc. = 2Tn 
.•.Vj= — jr- ; similarly Y^z=— — . 

Also V,4-V,=P,4-P, + P,4-etc. = :^. 

In case of a single weight P^, Fig. (6), 
the preceding formulas give, 

V.=?f •, Y,=^ and 

V, + V,=^(«. + m.)=P.. 
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From these we have for any section dis- 
tant X from A, the moment equal to 



V 



(15) 



Similarly for a point distant x from B, 



'M.=Y^x=-Ym^x, 

V 



(16) 



P.:. 



Since ^ is constant we see that the 

V 

strain on am/ section varies as the pro- 
duct of the end segments, into which the 
beam is divided by the weight and the 
section. 

Again, making x the same in (15) and 
(16), we see that sections on opposite sides 
of the weight and equally distant from the 
supports, are strained in the ratio of the 
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segments into which the weight divides 
the beam. 

In case of two equal weights P^ and Pj, 
symmetrically placed upon the beam as 
shown. 

WehaveV,=^^^!^4^^=P, 



Similarly V,=P,. 
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For any section between A and P^ the 
moment is M'r=Vja;=P^a, which is less 
than P,rw,. 

For any section between the weights, 
the moment =V,aj—P/aj— m,) 

=P,a:-P,(.'r-m,)=P,m, (17) 
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The strain therefore increases from 
zero at either support to the adjacent 
weight, and remains constant between 
the weights. 

If, in Fig. 8, pc or p'c represents the 



Fig. 8 




moment of strain under the weights, any 
ordinate as ef will represent the strain 
at the point e. 

For a uniformly distributed load of 
2P„ eq. (9) gives, 

M"=i/(2P,)=iP,/ (18) 

Comparing eqs. (17) and (18), we see 
that the greatest strain in the case of a 
uniformly distributed load is to that of 
the same load when placed as in Fig. 7, 
as ^l is to m^. 

Since tables are usually arranged to 
give the strains for a uniformly distrib- 
uted load, on floor beams, track string- 
ers, etc., it becomes important to notice 
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and provide for increased strains due to 
concentrated loads as above. 

Example, — A floor beam of a railway 
bridge is 14 feet long between supports 
and carries a single track, the gauge be- 
ing 4 feet and 8 inches. The beam is 
designed to carry a distributed load just 
equal in amount to the eccentric load 
upon it. What is the capacity of the 
beam! 



14 _ 4^ 
"We have mj = — jr— 2=4f. 



The load 



on the beam is, yy =——'=— f-— 4 times 

i^ 6 14 

the load it is able to carry. Hence it is 

able to carry 1-^|=J of the given load; 

or it has a capacity of 75%. 
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It is worthy of notice that the great- 
est load that can come upon a floor beam, 
for example, for a given weight of engine 
per foot, depends upon the relative 
lengths of panel and wheel space, that is, 
the distance between consecutive pairs of 
wheels. 

We will show that, in general, a load 
greater than the weight of the engine for 
a panel length, can come upon a floor 
beam ; and we will deduce a general ex- 
pression for the load and the excess of 
load over a panel load. 

Let l=SL panel length, 
a; = wheel space. 
W7= weight of engine per foot. 
.*. wa5= weight on a pair of wheels, 
and w?^=weight of engine per panel 
length. 

Let l> nx and /<(w + l)a*, 7i being an 
integer. 

In Fig. 9, let a5, cd, ef, etc., represent 
the floor beams, gk and hi the track 
stringers, and the circles the position of 
the wheels. Consider the load on cd. 
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Let a pair of wheels rest on cd. To find 

the load on cd we have wx resting direct- 

l—x 
ly upon cd, while —j- wx comes upon cd 

V 

from each of the adjacent pairs of wheels, 

l—x 
distant x from cd ; or ^wx— from both 

pair. Similarly 2wx — — is supported by 

cd from the next two pairs of wheels, 
distant 2a; from cd, etc., etc. 

Hence the total load on cd is, 

_ ^ l—x ' l—2x 

L = wx -f- 2i^j; — T— + 2wx — - — 

^ ISx , rt l—nx 

-\-2iox — l-etc zwx — — 

or L=w?a5 4-2toa;(l 4-1 + 14-1 + etc. to n 
terms) ^ (ic' + aj' + Sx^ + etc. to nx*) 

V 

w 
=wx{2n + l)--n(7ii-l)x^ (19) 

Putting the differential coefficient of 
this equal to zero we find 
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(2n + 1) ^— — 'x=0 

(271 -\- 1)1 
or a;=rt-7 tv (20) 

Substituting this value of x in (19) and 
reducing, we find the maximum load on 

^ ^ , (2n + lY 4w(n + l) + l 

c(?=L.=wZ -J—- iT=^^ -r: TT" 

• 4/4(/iH-l) 4:yH'* + l) 

=tgZ+ , /""^ ,, (21) 
4w(/i + l) ^ 

L^ is therefore greater than wl\ but 
the excess over wl decreases as n in- 

creases. For n=0 we have Ijo= ^ — 

I _ 

But /i=0 gives from above a;=-=QO and 

.•.i^?a;=:--=x as it ought. 

From (20), l-nx=^^^^ (22) 

This shows the space between the 
nih pair of wheels from cd and the ad- 
jacent floor beam. 

For n=l (20) and (22) give, a;=|Z, 

and Z— a;=JZ. 
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For n=2 (20) and (22) giYe,x=-^l, 

and l—2x=iL 

For n=3 (20) and (22) give, x=^\l, 

and ^— 3j5=JZ. 
For w=l we have L,,=|W. 
For n=2 we have L„=:|J/oZ. 
For w = 3 we have 'L^=^^ioL 
For yi=4 we have L„-=f J-«(;/, etc. 

These results show that the excess of 
load is slight, except for short panels and 
wide wheel spaces, in which case it may 
amount to ^ or 12^% of a panel load. 

Example,— In a railway bridge, the 
length of panels is ^=:10 feet; the dis- 
tance between pairs of wheels is x=li^ 
feet. Load, 4,000 pounds per foot. 
Find the greatest load supported by a 
floor beam and the excess over a panel 
load. 

The load supported is 

I /^-/n: 1X4,000X10=46,000 pounds. 
A panel load is 

W=4,000x 10=40,000 pounds. 

The excess is therefore 

iw?^=500x 10=5,000 po . 
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To prove that the maximum strain oc- 
curs when a pair of wheels rests upon 
the beam as in Fig. 9, let us suppose the 
engine to move to the right (say) a dis- 
tance =jr: [see Eq. (22)], so that it 

will occupy the position shown in Fig. 10. 




It is evident that only a part of the 
weight, tox, resting upon cd in Fig. 9 
rests upon cd in Fig. 10, and that so far 
as the other weights are concerned, th 3 
increased load upon cd from the weights 
at the left of cd is exactly balanced by the 
decreased load upon cd from the weights 
at the right of cd. The load upon cd is 
less than in Fig. 9, by 
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I 
2(n-fl) tox= 
~1 



(2w + l); 



10 



2/i(w4-l)2(// + l) 
2n-f 1 



_. ^ ,^.«? (23) 

2^. Again let us suppose the engine to 
move from the position shown in Fig. 10 
to that shown in Fig. 11. From what 
has been said, it is evident that no change 
in the load upon cd has taken place. 



ITig.ll 




3°. Finally we will suppose the engine 
to move from the position of Fig. 11 to 
that of Fig. 12. It is evident that this 
movement is the reverse of the first, and 
that the load will increase therefore dur- 
ing this change, precisely as it decreased 
during the first. 




In Fig. 13, let bV represent a wheel 
space, then the ordinate ab represents 
the maximum load on the beam corre- 
sponding to Fig. 9, while cd and c'cf 
represent the minimum loads correspond- 
ing to Figs. 10 and 11, and a'V the max- 
imum 'corresponding to Fig. 12, which is 
the same as Fig. 9. 

We see that while the engine advances 
a wheel space, the load upon a beam de- 
creases for a part of that distance, re- 
mains constant during the second part, 
and increases again during the third part. 
The smallest loads upon the floor beam 
(cc?), corresponding to the positions 
shown in Figs. 10 and 11, or any position 
between these two, are not minimum 
loads, but simply the loads correspond- 
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d' 
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ing to certain positions' of the engine, 

when the wheels are spaced to produce 

a maximum load. 

To find the wheel space'f or a minimum 

load upon a floor beam, when a pair of 

wheels is over a beam. Eq. (20) gives 

the value of x for a maximum load. 

2n + l 

Put a;=7r 7\H-« in (19) and we 

2n(n-\-l) 

find 

(2w + l)* , ,o .. 

2n{n + 1) ^ ^ 

w . _/ 2n + l _ \ 

.2/r(;^i)^+^; 



L'=- 



.-^n(n + l)(. 



2 



(2n + l)^ 



w 



Eqs (21) and (24) give, 



wl—ni^n-^V^a^ (24) 



w 



L,— L'=-7i(w4-l)a 



I 



(25) 



2 



I 
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This shows that th6 greater a is, the 
less the load upon the beam. 

Now l-=inx-\-\l—n'x)=.n{x-\ I 

This shows that if the wheel space is 
increased by ,the 7?th part of the excess 
of a panel length over n wheel spaces, h 
times the increased wheel space will 

equal a panel length. 

^ ??cc 

Hence a cannot exceed 

n 

But Eq. (22) gives, 
l — nx I 



- . . -TT-^ (26) 

Putting this value of a in (24) we get, 

ij =-i —wl — 7i{n-\-V) 



4n(r*-fl) I ' '4;*'(n + l)' 

The minimum load upon the beam cor- 
responds to wheel spaces equal to a panel 
length, or to an aliquot part of the same ; 
the minimum load being equal to a panel 
load. 
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It is not so necessary to consider the 
increased strains upon floor beams, etc., 
in case of a double track, though we 
may just as easily do so ; for, in the first 
place, the loads upon the beams are much 
more nearly distributed than in the case 
of a single track ; and, furthermore, the 
loads on the two tracks would rarely oc- 
cupy the same position with reference to 
the floor beam. 

A Partial Uniform Load. 

Let a beam be uniformly loaded over 
any portion of its length. 



V 



^i 
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<r-l^eb-^<-Gr^C. 



-*i- 



e_ sc- J 



A» 



Let Z=AB, the length of the beam, 
2x=DH], the length of the load, 
iB=AF, the distance to any section, 
C=the center of the load, 
/,=AC, w=load on a unit of lengthy 
V=the reaction of support A. 
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Then AD=/,— a and DF=a!~(/,-a) 

The load on DF=w(a;4-a— 0- 

TheloadonDE = 2M?a. 

By the principle of momeDtB, 

The moment of stress at F is, 

orM.=2aw(l-'^Ax-'iw{x + a-iy {2S) 

That value of x which makes (28) a 
maximum gives the position of the dan- 
gerous section. 

Differentiate, place equal to zero, and 
solve for x and find. 



X 



=«(-^4^^--.(-t)- 



=a + l-^i^ (29) 



I 
If 1=^1, x=l,. 
IfZ,<i/, «>/,. 
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These results show that the maximum 
strain is at the center of the loading only 
when the center of the loading is over 
the center of the beam, and that in all 
other cases it is nearer the center of tbe 
beam than the center of the loading is. 

To find the relative positions of the 
centers of loading and dangerous sec- 
tion, put l^=^^l±d; then 



X 



=a(l — \-\-^l±d=z±a ' ±U. 

I 2a 

Nowa;— ^Z=±c? — - — and Z^— ^/= ±f/. 

Hence ,_4^=-^ (30) 

which shows the ratio of the distances of 
the dangerous section and the center of 
loading from the center of the beam. 

Differentiating (29) with respect to /, 
and also with respect to a, we find, 

dx 2a 

dfr -I ^ ^ 

which is positive ; and 
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which is positive for l^<^l and negative 
for^,>i^. 

Eq. (31) shows that x increases and de- 
creases with l^. 

Eq. (32) shows that when l,<il, that is, 
when the center of loading is between 
the center of the beam and the origin, x 
increases and decreases with a; but when 
^i > i^5 that is, when the center of loading 
is on the opposite side of the center of 
the beam from the origin, x increases as 
a decreases and vice versa. 

The maximum stiain for given values 
of a and Z, is found by substituting the 
value of X from (29) in (28). We have 

Hence M„=2aw?(l-^jVa + Z. -^^) 

=M'-'/)-:"-'.-T'-"('-'')[ 
=^-('-f)('.-i') 

^ii„<(l-^')(l-«) (33) 



X 
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The value of a which will make (33) a 
maximum is fouDd by differentia tiug the 
equation with reference to a. We thus 

find l-~=0 or la^L 

V 

Hence the larger the load the greater 
the strain. 

When 2//=/, l^-\l and M=.itr/'.i.i 
=lwl' =z^Wl, agreeing with Eq (9) as it 
ought. 



i > 
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Let a=il and l^=il 

Then the strain at F is by ^33), 

To find the strain at the center, we 
have the load=^t«'/ ; and V=f . ^wl=^n'/. 

Taking moments about the center of 
the beam we have M' = ^wl x^l—^tclxil 

^ It 
= 128^^ 
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This shows that the strain at the dan- 
gerous section for this loading exceeds 
that at the center by ^, or 121%. This 
excess is the same as the maximum excess 
coming upon a floor beam from an undis- 
tributed load. 

We will now derive a general formula 
for the moment of resistance, after which 
we will deduce the moment of resistance 
of triangular and other cross sections. 

Let «= strain on a unit of fibers, of any 
cross section, most remote 
from the neutral axis. 

d= distance from the neutral axis 
to the most remote fiber. 

y= distance to any fiber. 

6=aji elementary area. 

Then -.= strain on a unit of fibers at a 
a 

distance unity. 

-;v= strain on a unit of fibers at a 
a 

distance y. 
-=y(^= strain on an element of fibers 
at a distance y. 
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&')y= 



moment of strain on an ele- 
ment of fibers at a distance y. 

This expression, taken for all values of 
y within the section, will give the mo- 
ment of strain of the given section. Let 
M represent this moment. Then 

M=^(|v )y=2lyM=l^V<^ (34) 

In (34) the factor ^y^S is called the 
moment of inertia of the cross section 
and is represented by I. It is obtained 
by multiplying each elementary area by 
the square of its distance from the neu- 
tral axis and taking the sum of the pro- 
ducts. Representing ^i/^^ by I, we have, 

M=J-I (36) 

We must not, however, suppose th«t 
the moment of resistance involves the 
product of the strains on the different 
parts of the cross section into the squares 
of their distances from the neutral axis. 
The moment of resistance is obtained by 

multiplying each elementary strainf-y I 
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by its distaDce from the axis (y). The y' 
in eq. (34) comes from the factor y in 
the factor of strain and the y which ex- 
presses the distaiice from the axis. 

When 8=1, we have ^^ = -3 (36) 

The quantity -^, that is, the moment of 

inertia of the surface, divided by the dis- 
tance of the furthermost fiber from the 
neutral axis, might with entire propriety 
be called the unit moment of resistance ; 
for it does represent the moment of re- 
sistance of the section corresponding to 
a unit of strain upon a unit of area o^ 
fibers most remote from the neutral axis. 
Since, however, s varies with the nature 

and quality of the material, while de- 
pends only upon the area and form of 
section, the quantity represented by - 
can be conveniently tabulated while that 
represented by s- cannot so well be. The 
quantity -^ is, therefore, frequently called 
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the moment of reBistance, though s-^ 

is the real moment of resistance. 

The strain npon a unit of fibers most 
remote from the neutral axis and repre- 
sented by 5, is called the '^modulus of 
strain," or *' maximum fiber strain." We 

may frequently refer to either - or 5 - 

as the moment of resistance or simply 
resistance, since this will lead to no con- 
fusion. 




c 
Fig. le 
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To find the moment of resistance of 
the triangle a^c about an axis tnn pass- 
ing through the vertex c and parallel to 
ad. 

Let ab=zb and ^c=the altitude of the 
triangle=cf. 

Draw of and hg, each equal to unity, 
perpendicular to the plane abc. 

It is plain that the total strain upon 
the triangle is represented by the volume 
of the pyramid ahfg—c, which is equal 
to abXbgXibc=^hd ; and that the mo- 
ment of resistance is represented by the 
static moment of the pyramid. The cen- 
ter of gravity of the pyramid is at a dis- 
tance from mn equal to f '/. Hence the 
moment of resistance is equal to 

M=JMxf'/=i*^" (37) 

To find the moment of resistance of a 
triangle ABC (Fig. 17) about an axis 
coinciding with the base; we observe 
that the moment of resistance of this 
triangle is equal to that of the parallelo- 
gram ABCD less that of the triangle 
ABD. Hence, from eqs. (3) and (37) 

M=ib(r-ib€r=^bd' (38) 




To find the resistance of a triangle 
having angles at 45° at A and C, and 
therefore 90° at B. 
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We have d=ib or cP = lb*, and hence 

If BC=A, b"=2h' and 6'=2.828 A", 
and, therefore, 

very nearly. (39 > 

To find the resistance of a square, 
whose side is A, about a diagonal. From 
(39), we have, 
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M =.118 A*=.12 h\ nearly. (40) 

To find the moment of resistance of a 
triangle about an axis through the center 




Fig. so 
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of gravity. Drop the perpendiculai'S EF 
and DH upon the base. Observe that 
DE=|^ AF + CH=Jft; the altitude^ of 
BED=|^/ and EF=itf?. Also that the 
strain along the line AC is only half as 
much as at the point B. Hence the mo- 
ment of resistance of 

the moment of resistance of 
EAFxDHC=4 of i(ib)(id)'=^^f>d' 

and the moment of resistance of 

EDPH=i of qh)(idy=^^hd' 

Hence the moment of resistance of 

ABC=M ^j^^bcT . . . (41) 

Since the equation Mj = -ordMj=I 

is perfectly general, the moment of iner- 
tia is equal to the moment of resistance 
multiplied by the distance from the axis 
to the outermost fiber; or the moment 
of resistance is equal to the moment of 
inertia divided by the same quantity. 
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To find the polar and plane moments 
of inertia of a circle. 

The polar moment is the moment about 
an axis through the center perpendicular 
to its plane. 



Fig. 21 

.7 



a> — 




-X' 



Let r= radius, y and y-\-dy the radii 
of two smaller circles concentric with the 
other. The area of the annulus is, 
6=z2i7tydy^ and the square of its distance 
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from the center being ?/', the polar mo- 
ment of inertia of the circle is, 

Ij.^'^nfr y\fy^\nr' (42) 

Now, considering any elementary area, 
it is plain that its polar moment is equal 
to the sum of its moments about XX' 
and YT. 

The pokr moment of the entire circle 
is, therefore, equal to the sum of its mo- 
ments about XX' and YY'. 

But these latter are evidently equal, 
and hence either is equal to half the 
polar moment. 

Hence l=\nr^ (43) 

The moments of resistance are found, 
of course, by dividing these expressions 
by r. 

Hence Mp^ ^nr* (44) 

and M^=i;rr* (45) 

To find the polar moment of resistance 
directly, we have 6=i*lnydy as above. 
The strain on a unit of area of the outer- 
most fibers of the circle being unity, the 
strain on a unit of fibers at tbe distance 

y, is -. Hence the strain on the annu- 

T 
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lu8 is, ^Ttycfy ? = — vWy ; and the mo- 
ment of that strain is — y*dt/. Hence 



^=-^J^y'dy=: 



r 4 



and M,=r:i;rr'. 

To find the moment of resistance of an 
ellipse about its shorter axis, cd (Fig. 22), 




Let ab=2a and cd=2b. 
Circumscribe a circle about the ellipse. 
The resistance of the circle is, 
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\7ti^=,^7ta^. But considering any ele- 
mentary strip parallel to XX', the length 
of that strip, included within the ellipse, is 
to the length included within the circle 
as b is to a. Hence the resistance of the 
ellipse is 

(46) 
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For an ellipse about its longer axis in- 
scribe a circle. The notation being as 
before we have for the circle 

M=\nb\ 
and, therefore, for the ellipse, 

M, = i;r^>3^ = i;rft'a (4 

A hollow circle (Fig. 24) or annulus. 




To liDd the moment of resistance of a 
section equal to the hollow, we observe 
that the resistance on the outer limit of 

T 

the hollow is not unity, but only — , 

r 

Hence the moment of resistance by (45) 

is 






(48) 



That is, the moment of resistance of 
the hollow is equal to its moment of in- 
ertia divided by the distance of the axis 
from the farthest fiber of the whole sec- 
tion. Hence by (45) and (48) the mo- 
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ment of resistance of the whole 'section 
is 

M.=i;rr'-i^*=i^^^:^^:i^ (49) 

T I 

Hence the moment of resistance of a 
hollow section is equa] to the difference 
of the moments of resistance of the 
whole section and that of the hollow ; or 
it is equal to the difference of the mo- 
ments of inertia of the same sections di- 
vided bj the distance from the axis to the 
farthest fiber. 




The moment of resistance of the section 
shown in Fig. 25, for example, is. 



55 



M.=i^r^--'»**=*^^:^=^*' (50) 

T T 

Moment of resistance of a hollow rec- 
tangle (Fig. 26). 




^ Eq. ('^) gives the moment of resistance 
of the whole section =M*=J/><?\ 

The strain at h^ is equal to ^^ there- 
fore for the hollow 

^d ' ^ ^ d 

Hence for the real section 

hfp — h d^ 
m=m^^m-=^^-^^-^ (51) 

Formula (51) evidently applies to the 
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" T " section as shown in Fig. 27 or to 
the '^ angle " as shown in Fig. 28. 



a 



TTiff. sr 



e 



f 



y h 



d 



ITig. S9 



If d=ib and d^ — \b^, (51) becomes 

(52) 



Hence for a hollow square Fig. 29, 



M,=i 



(53) 



If b^z=zb^ the web vanishes and equation 
(51) gives for the flange alone, 
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\b 



"« *i- ->» 



M 



,=j5<r^)=»(._,,,'£rfi^' 



</ 



=6(<?-<)K + ^^=J^*]. (54) 

Let d—d^-=h and ^(^— r/j)=« = area of 
the flange. 

Then M,^a{d-k + :\l^)=a(d,+\!~) 



S{d-\hY h" 



=»l 



d 



+ 



12V i 



(55) 
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=«(^' nearly. 



(56) 



In a similar way we find for the triangle 
adi^ (Fig. 30), M=a(r/-|A + ^) (57) 
and for the triangle abc 

M=«((?-iA + Q 58) 

in which a— the area of the triangle. 
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From (55) we have the moment of in- 
ertia of a rectangle about an axis oatside 
of the section, as shown in Fig. 27, 

=I=ad{d-h + ~ ) =./ j (d-W + A' I 
=«|s'' + j2 [=«»•' say (59) 
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in which g=d^+i/i=ihe distance froni 
the neutral axis to the center of gravity 
of the section. 

r is called the radius of gyration, and 
expresses the distance from T* the {axis to 
a point, at which, could thejwhole^rea'of 
the rectangle be placed, the moment of 
inertia would not be changed. 

Dividing by a and extracting the square 
root of (59), to two terms, gives 

If the axis passes through the center, 
g=o, and (55) gives 

r=-^ = .289/i (61) 

If the axis passes through one edge 
^=:-and 

r=-^.577A (62) 

Formulas of Eeduotion. 

To find a general expression for the 
moments of inertia, I, and of resistance 
M,, about any axis (Fig. 31). 




j" Let y= distance of any element from 
the axis. 

yQ=the distance of any element from 
the parallel axis through the center of 
gravity, and h the distance between the 
axes. 

Let I,=the moment of inertia about 
the axis through the center of gravity. 
Le'f^ the elementary area be represented 
by c?A, A being the area of the section. 

Now I,=/y,WA, and 

-f^hy.dk -{-jVdk^l^ + A'A (63) 
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Since /y^dA,^ which expresses the sum 
of the products of all the elements of area 
into their distances from the axis, is equal 
to zero. 

Again, let d^= the distance of the far- 
thest element from the axis through the 
center of gravity, and d the similar dis- 
tance from the parallel axis. Let M^ 
and Mj represent the moments of resist- 
ances about the axis through the center 
of gravity and the parallel axis. 

Now I=Mc? and I,,=M,d„. 

Hence from (63) 
Mc^=MX + AA'or M=-?^-h^ (64) 

(64) is the formula of reduction for the 
moments of resistances. 

To find the moment of resistance of a 
circle about any axis mn (Fig. 32). 

Let r= radius, a= the area of the cir- 
cle and g^ d^ and d as before. 

Let 1^= the moment of inertia about 
ah and 1= the moment of inertia about 
mn. 

Now \-=.\nT^^\ar^. 




m 



n 



I=I„ + a^'=«[(c?-rr+j] 



5^n / n^' 



=^=a(rf-2r + ^^)=«(<^,+^) 



m=-, 
a 






Putting 2r=:7/, (65) becomes 
M=a(c^-A+^^') =«((?. + TVf) (66) 

To find the moment of resistance of an 
ellipse about any axis, parallel to a di- 
ameter of the ellipse. 
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Let 2b and 2r represent the axes, r^b, 
and suppose r perpendicular to the axis 
of moments. Then, in the same way as 
for the circle we deduce 



m 






This shows that the center of moments 
of an ellipse is the same as of a circle 
whose diameter coincides with the axis 
of the ellipse, which is perpendicular to 
the axis of moments. 

A semi-circle (Fig. 33). 
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Let r= radius, a = area, and let g be the 
center of gravity. 

Let I, Ij and I^ represent the moments 
of inertia about mn^ ah and an axis 
through g parallel to ah or mn. 

From Mechanics we have c^= . 424r 

Now Ij= r* 

=.0357rr*=.llr* very nearly. 
Hence 

I=.035;rr' 4-^r*X^'= 0357rr* + 

Therefore M=^r'(.40^ + <?-1.15r) 

='.(<^-1.15r + ^*) (68) 

Putting h-=2%dg—d(f—\\hr^ this be- 
comes, m^aid—h-V^. ) (69) 
A semicircle Fig. 34. 
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Fig. 34 



We have I .=.036 ;rr* 



7t 



and I=.035;rr* + -zr'gh 



=.035;rr* + -^r'idi-A'liT)^ 

Til* 7t 

. '. m = I"/-' [d- .848r -I- £ J (70) 

Putting h=2ihf=idy^ — .M^r we have 

,n^a{cl^h^-^) (71) 

Thus we see that for the same values 
of d and A, (or of d aud g^ since y=^fl—^h) 
the lever arms of all these sections are 
very nearly the same, since the ttrms 
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are approximately the same 

We observe, too, that since the terms 
are quite small, the lever arm is in all 
c.ises, approximately, as much less than 
the distance to center of gravity of the 
section as this distance is less than the 
distance to the farthest fiber of the 
section. 

From (55), M^— a(?j=^^, or m—a(g—^ 

h' ih h^\ 

= ,,__or«^-;.=a(--3-J 

But m,— af/, = the difference between 
ad^ and the true moment m,, or the error 
of ac/j and ay—m^ shows the errror of 
ag. 

Since d is usually several times larger 
than A, (72) shows that ag differs from 
the true moment several times as much 
as ac/j differs ; yet ag is the value gener- 
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ally taken for m^^ instead of the equally 
simple' and more accurate value ad^. 

It is plain tbat if each unit of area 
was strained equal to unity, the total 
strain would be equal to the area a, and 
the moment of strain would be equal to 
ag ; but the outermost fibers only are so 
strained, and as the strain decreases uni- 
formly toward the axis, the total strain 
is consequently much less than a (though 
the lever arm is indeed a little greater 
than g) and the moment of strain, or re- 
sistance, is much less than ag^ as we have 
shown. 

We may suppose, however, the strain 
equal to the area, which is greater than 
the real strain, provided we use a lever 
arm correspondingly less than the real 
lever arm. This is what the equations 
do, and they may be so interpreted and 
understood. The lever arm, by which 
the area is multiplied, may be called the 
reduced lever arm. 

The important and practical principle 
to be remembered is this : that the lever 
arm of the moment extends from the 
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axis to a point quite as far inside of the 

center of gravity as the center of gravity 

is inside of the outermost fiber. 

We will now apply the preceding 

formulas to the different forms of beams, 

etc. 

Eye Beams. 

To find the moment of resistance about 
an axis m/?, through the center of grav- 
ity of the section and parallel to ah. The 
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flanges are usually trapezoidal. We will 
for the present consider the web as ex- 
tending through^the whole depth of the 
beam. 

Let ahdlnfhgemkc represent the eye- 
beana. Through the middle points, p 
and q, of ck and Idy draw the line ck'tcV\ 
also through the middle points of em and 
fn draw e'mn'f. Consider for the pres- 
ent ahdH'nfhge'm'ltd in place of the 
original figure. 

Let K=ciej the least thickness of the 
flanges. 

H=oA;, the greatest thickness of the 
flanges. 
' t=kl^ the thickness of the web. 

^=aA—^^= width of flanges. 

h— — - = average thickness of the 

flanges. 

Let D=a(7= total depth. 

d=ox= one half of total depth. 

Dj=c'e'= inside depth of new figure 
or average depth of original figure. 

d^=k'x, one half of the inside depth. 
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Let o=area[|^of each flange=J — - — 

I B=[area of web =^.D. ^:: 
JJJJ^Now, by number 2 of table 1, the mo- ' 
ment^of resistance of the web on either 
sidelof^the axis is JxiBxiD=3V^D; 
and by^(55) the moment of resistance of 

either flange ^^(i^i + Jgr) 

Hence the total moment =m=D,a + 
iah 

or smce a = o — ^ — ana A = — ^ — 

m=D,a + iDB + g^(H + Ar (74) 

But it is easy to show that the moment 
of resistance of the new figure exceeds 

that of the original figure by ^'{H + A') 

Hence m=.J>^a + J^DB + g^K^ + ^Y 

-D,(H-A)']. (75) 
=Dja + |BU very nearly, (76) 



iDB + ^^' (73) 



/\« 
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Eq. (76) applies at onco to built beams, 
but the flanges are not the same as for 
solid beams and hence the value of D, for 
built beams remains to be pointed out. 

With reference to (75), we remark that 
the quantities within the parentheses are 
necessarily small, their difference is there- 
fore necessarily small and the factor -^ 

being but a small fraction, the product of 
this by the quantity within the brackets 
is, in practical cases, but a fraction of a 
unit— usually a very small fraction. 
If in (76) we ignore the web we have, 

m=D,a very nearly (77) 

or m=Da approximately. (78) 

Let us now suppose the web to ter- 
minate inside the flanges, and let A= the 
area of a flange, and b= the area of the 
web. 

Then we may write w=AD, +^*D, 

=D,(A + ift). (79) 

The term AD^ is slightly too small for 
the flange and \bd^ too large for the web. 
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On the whole the formula gives results 
very nearly correct, but slightly in excess. 
If we ignore the web altogether, but use 
D instead of D, for the lever arm of A, 
we have m = AD. (80) 

Equation (79) is the proper practical 
formula for solid beams in all cases, 
though (76) may be used when greater 
accuiacy is desired, which can scarcely be 
the case, however. It is a significant fact 
that equation (80) which ignores the web, 
and requires but one multiplication, pro- 
duces results more accurate than the most 
accurate formulas in general use. We 
will now set forth the usual formulas and 
then exhibit the merits and demerits of 
them a.l, in a general comparison. 

If in (76) we substitute for both D and 
D,, the distance // between the centers of 
gravity of the flanges, we get, 

m=y(a + iB) (81) 

This is used by J. A. L. Waddell and 
others. 

Writing g for D^ in 79 we get 

m^g{L^\h) (82) 
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Writing g for the lever arm of the 
flange in (79) we find, 

m=A^-h|^D, (83) 

This is the same as equation (5), Article 
65, of Prof. Burr's "Elasticity and Resist- 
ance of the Materials of Engineering.'' 
It is intended for use, and is extensively 
used. It is highly reconwn ended by A. 
P. Boiler, in his Highway Bridges, page 
111. 

If we consider the flanges for their 
whole depth, and the web as extending 
to the mid fie of the flanges and represent 
it by b\ we may write, 

m=g{k + ^h'). (84) 

Omitting allowances for extra diagonal 
resistances, recognised by Mr. Daniel K. 
Clark and others, the above is Mr. Clark's 
formula for eye beams, etc. 

To show how erroneous the common 
formulas are, we will give the true resist- 
ances of the 13 eye beams rolled by Car- 
negie, alsp the resistances by our equa- 
tions (76), (79), (80). By the side of 
these, we will give the resistances by 
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equations (81) and (82) and add an ex- 
ample to illostrate equations (83) and 
(84). 

Moment of Resistance. 



Number 
of Beam. 


Trae 
Moment. 


Moment 
'by (76). 


Moment 
by (79). 




Moment 
by (81). 


£00 


1 


70.60 


70 50 


72 05 


66.00 


72.96 


76.81 


2 


90.38 


90.23 


92.70 


85.80 


93.66 


100.09 


8 


45.96 


45 95 


47.09 


44.50 


47.68 


50.62 


4 


31.3) 


31.41 


32 11 


29.79 


32.55 


84.28 


5 


2:). 97 


29.96 


30.51 


31 OJ 


31.65 


38.07 


6 


21.68 


21.68 


22.41 


22 59 


22.90 


23.84 


7 


35.34 


35.23 


33.40 


36.13 


37.08 


40.41 


8 


17.50 


17 47 


17 81 


18.10 


18.46 


19.37 


9 


13.13 


13.08 


13.. 5 


13.35 


14 00 


14 52 


10 


8.16 


8 16 


8.31 


8.50 


8 62 


9.02 


11 


4.94 


4.93 


5.03 


5.12 


5 21 


5 47 


12 


3.09 


3.08 


3.15 


3.25 


3 27 


3.46 


13 


2.06 


2.03 


2.07 


2.50 


2.27 


2.39 



Omitting No. 13, which is not a prac- 
tical beam, we observe that our equation 
(76) gives results almost exact; and that 
(79) is also practically accurate; while 
equations (81) and (82) give results in 
excess of about 5^ and 10^ respectively, 
and are therefore too erroneous to be 
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countenanced in good practice. Besides, 
they involve far more labor than the far 
more accurate formulas recommended 
above. Thus are they doubly condemned 
and the use of them therefore doubly ab- 
surd. 

The following from Boiler's Highway 
Bridges, page 111, will illustrate equa- 
tions (83) and (84). 

«=i,D,=13,A=l,5=5,D=15 
.\ A=5,ft=6.5 and f/=14 
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13 
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Hence by (83) 



m = 14x5 + ?^^^ = 70 + 14.083 

=84.083 
Now the true value of M is 

5xl5''-4.5xl3' --^^ 

n 1 r =77. DO 

6x15 

Hence the error =6.43 

Now 6.43^77.65=8.3$^ nearly 

By equation (84), we have 

A=5,^»' = 14xi = 7and^=14. 

Hence, m = 14(5 + j)=86.33 
Therefore this is 86.33-77.65 = 8.68 
in error. 

This is an error of 8.68^77.65=11.2^ 
nearly. 

J- he formula deduced by Mr. Clark is, 
772 = </(A4-. 288886') or m=14(5 + 2.0216) 

=98 30 

The error in the former result shows, 
however, the total error of the result due 
to mathematical errors in the correspond- 
ing formula. 

We observe that equation (80) does in- 
deed give results more accurate than any 



77 



of the common formulas in use. This 
shows that a direct though random shot 
may rest nearer the center than others 
obliquely though deliberately aimed. 
Since the errors of these common formu- 
las far exceed the allowable limit, it fol- 
lows that the errors involved in their use 
are not fully appreciated by those who 
use them. 

For example, the author of a desirable 
treatise on *' Designing of Ordinary Iron 
Highway Bridges " uses Eq. (83) and con- 
siders it safe ; though, comparing it with 
equation (76), we see that the excess 
given by it for the flanges exceeds many 
times the deficiency given for the web. 

The author from whom Eq, (83) and 
the example under it are quoted, remarks 
that : " the above process for obtaining the 
value of R [that is, the moment of resist- 
ance, which we have represented by m] 
varies so fractionally from absolute truth, 
that the refinement of calculation, neces- 
sary to obtain mathematical exactness, is 
entirely unnecessary." 

Eq. (83) gives, however, only a rough 
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approximation to the truth, while Eq. 
(76) shows that & proper equation with 
no " refinement of calculation " whatever, 
is all that is necessary to obtain a prac- 
tically perfect result. Indeed (76) is of 
the same form as (83), though (76) does 
not, for reasons already given, involve g. 
It is believed that all the practical form- 
ulas, so called, heretofore used contain 
the standard errors on this subject. 

So far, we have said nothing about the 
metal in the curved corners, which it is 
customary and proper to take no account 
of. We will, however, show how the mo- 
ment of resistance of the comers may be 
easily obtained. 

In Fig. (35), draw the radii mP and «P 
and join P/w. Let the angle mFv=d, 

The area of vmuP=umXuP—{uFy 

tan 6=r^ tan 6. 

The area of the sector ouP=z^ arc vu 

xuT=(uFye=r'e. 

Therefore the area of the curved cor- 
ner =r' (tan 6—6), and the area of the 
four corners =4r* (tan 6—6), 
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Also wa;=^D— H, and the strain at m 
, ^ iD-H D-2H 

Hence the moment of resistance of the 
four curved areas is, very nearly, 

4r' (tan ^_0)^i^(^D-H) 

=2r'(tan 0-^)^-5^^' 

This averages about 2^ in Carnegie's 
beams Nos. 1 and 2 and less than 1^ in 
the others. 

The moment of resistance of eye beams 
abput any axis is best found by finding 
the moment of resistance of the flanges 
and the web {or parts of the flanges or 
web, if the axis passes through flange or 
web) separately, and adding ; or, if the 
moment m about nin is known we may 
use the formula of reduction (64). 

Channel Bars. 

The preceding formulas apply directly 
to channel bars, a or A being the area of 
a flange, or total area of flanges on one 
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side of the axis, when two (or more) 
channels are used ; B or ^ the area of a 
web or of the webs. 

Since, however, the flanges of channels 
are thin, compared with the depths of the 
channels, those formulas give results for 
channels even more accurately than for 
beams. 

Center of Gravity. 

Since the neutral axis is assumed to 
pass through the center of gravity of the 
section, it becomes necessary to find, in 
some cases, the position of the center of 
gravity, or at least of the axis passing 
throuc^h it, in order to find the moments 
of resistance and of inertia. 

The center of gravity of a body may 
be defined as the center of the forces of 
gravity, assumed to be parallel, acting 
upon the body. 

If the center of gravity of a body is 
supported, the body will be supported, 
for the forces of gravity balance about 
the center of gravity. 

For our purpose, it will be necessary 
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to consider, to a limited extent only, the 
center of gravity of areas. The center 
of gravity of any regular polygon is at 
the center of the inscribed or circum- 
scribed circle of a parallelogram' at the 
intersection of the diagonals ; of a plane 
triangle on the line joining the vertex 
with the middle of the base and at one- 
third the length of this line from the 
base; of a circle or ellipse, at the geo- 
metrical center of the figure, etc. 
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We observe that the center of gravity 
of any section symmetrical with reference 
to an axis, will be found on that axis ; so 
that for such sections it is only necessary 
to find one line upon which the center of 
gravity is situated, the center of gravity 
being at the intersection of this line with 
the symmetrical axis. 

To find the center of gravity of a 
double "T" eye beam with unequal 
fianges. 
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Let a' be the area of the upper flange, 
a" that of the lower flange and b that of 
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the web, as shown in Fig. 38, d\ d" and 
d^ the distances of their centers of 
gravity from the base of the beam, and x 
the same for the whole figure. 

Let A=the total area. Then taking 
moments about the base we have : 

(a'^a'*^h)x=ld^ad'^d'd" 

hd^a'd'-^ad!' ,^^, 
or «= ; Y, — r — (85) 

The center of gravity is, of course, on 
the center line of the web. 

Or, let the lever arms be measured 
from the center of gravity of the lower 
flange as indicated in Fig. 39; 



a' 



d 



m- 
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In tbis case rf"=0, and we have : 

a;=-7 ---^ (86) 

If A=the thickness of the lower flange, 
the distance from the base of the beam 
to its center of gravity is, 

hd^a!d! 



x=\h-\- 



(87) 



These equations apply equally to the 
case in which the web is neglected, by 
putting ^=0 in them. 

Considering the web extending the 
whole depth of the beam, as in Fig. 40, 
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we may easily find the distance of the 
center of gravity from the center of the 
bsam. 

The areas being represented as before, 
let g be the center of gravity of the web, 
and g' that of the beam. Let gg'=x 
and let d' and cV be the distances from 
the centers of the flanges to the center 
of the web. 

Taking moments about g^ we have : 

or «=-T— -„— r (88) 

The above formulas apply without 
change to Deck Beams. 

Let Fig. 41 represent a single " T." 
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Take moments about the end of the 
stem and find the distance from the end 
of the stem to the center of gravity of 

hd^a!d' 



the section, «= 



(89) 



If d and d* are measured from the out- 
side of the flange, eq. (89) will also give 
aj, measured from the same line. 



I 
I 



W 



m 



I 

IX 

I 
n 



Fig. 4:2 

Supposing the coefficients of elasticity 
for tension and compression to be equal, 
in which case the neutral axis does pass 
through the center of gravity of the sec- 
tion, it is evident that the greatest strain 
would be on the end of the stem, and 
that the value of a^ found from Fig. 41, 
would be the proper value to be used. 
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It is evident that (89) applies without 
change to finding the position of the axis 
mriy through the center of gravity of 
angle irons, parallel to a leg, whether for 
equal or unequal legs. The position of 
this axis is all that is required in prac- 
tice. 

If, for any reason, the center of gravity 
is required, it may be easily found as fol- 
lows : 

Find mn as above ; then observing that 
the centers of gravity, (/ and .</', of the 
legs are at their geometrical centers, join 
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g and g\ The intersection c with mn 
determines c, the center of gravity. 

Or, let a= area of upper leg, and a! 
that of the lower. Take c such that 



<^9 



eg a eg a' a , 

9 « gg a-va' ^ a-{-a' ^-^^^ 

This determines the position of c. 
Drawing gk and g'k parallel to ab and bf 
we have : 

Ok eg a' ^, «' , , 

-^ or Ok= — > A:^' (91) 



V ^^' « + «' 



a-ha 



This determines the position of the 
axis mjiy with reference to A; and g' and 
therefore with reference to ab and ef. 
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For an obtuBe an^le iroD, it is evident 
that the line gg' will be divided at c and 
therefore the line kg at o in the same 
ratio as thoagh the angle was right ; and 
since the line kg' is of the same length 
as for a right angled '' angle, " ko is also 
the same. This gives an easy way of 
finding the position of mn. 

The perpendicular distance of mn from 
ab and ef^ are equal respectively to or 
sin. gkp and op sin gkp. 

To find the axis through the center of 
gravity of a channel parallel to the web, 
consider each flange divided into a rect- 
angle and a triangle as shown: 

Let ^= thickness of the web, 
A = height of a flange, 
a; ■= distance from back of channels 

to the center of gravity of the 

channel, 
ft=area of the web, 
a = area of the rectangular portiou 

of a flange, 
a'=area of the triangular portion of 

a flange, 
and A=the total area of the channel. 
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Taking moments about the back of the 
channel we have, 



or 05= 



2« + 2a' + ^ 



(92) 



In a similar manner we easily fin<i the 
center of gravity of all practicable forms. 
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Deck Beams. 

To find the moment of resistance about 
any axis. 

If the beam is of the form shown in 
Fig. 46 which is the common one, eq. 
(65), will give the moment of the two 
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semicircles or circle; the formula for 
number 2 of Table I. the same of each 
part of the web above and below the 
axis ; and eq. (55) of the flange. 
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If the beam is of the form shown in 
Fig. 47 eq. (68) or (69) wiU apply to 
the upper semicircle and eq. (70) or (71) 
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to the lower, etc. It is easy to see, how* 
ever, that the lever arm of the head as a 
whole, is in value between that of a circle 
whose diameter is ag=h (say), and that 
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of a rectangle of the same height. 
Either one of these lever arms may be 
nsed in this case with very great ac- 
curacy indeed. 

Star Iron. 
To find the moment of resistance 
about the axis AB. Prolong the edges 
ec, fd, etc., to the axis as shown, Fig. 48. 




Let €f=t, c^=T and ab=T\ cE=D. 
For the moment of resistance of the 
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vertical stems, consider each divided into 
triangles by diagonals he<, etc. Then 
from the formulas for numbers 3 and 4 
of Table I. 

M =2 j ^r(?)+i/(2)' |=ADH3« + T0 

(93) 

Since the moment of the horizontal 
stem is very small compared with the 
vertical stem, we may consider the former 
to be flat, as was done in treating the 
flanges of the eye beams in Fig. 35. We 
thus And the moment of resistance of the 
horizontal stem to be 

M,=a5zT(j + T)' (94) 

(93) and (94) give for the total moment 

or M=^D'(3< + T')+^(< + T)', nearly. 

(96) 

These represent to the best advantage 

the usual formulas for this case. We 

will, however, derive a formula twice as 

short and three times as accurate. 
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We notice that the area cut off, in 
ronnding the four comers at e, f, E and 
F is a little less than the difference be- 
tween the areas of a square and a circle,, 
whose diameters are each equal to t. 

This difference iB=zt'^~t'=.2im\ 

The lever arm of this area is a little 

less than -jr-. Hence the moment is a 

little less than 

.2146«^?=.1073«'D or M'=^«'D, 

very nearly. (97) 
The total moment is, therefore, 

M=^D*(3« + T') - TVr>«' + i^8^^(*+T)* 

(98) 

In regard to pq. (98), we observe that 

the term ^ D^^ is usually and properly 

D— T 
disregarded ; and that the term :^ 

(t -f T)', as well as the quantity ^\D\T'-T) 
is in practical cases much smaller, and 
both together smaller than ^V^^'- Hence 
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^D^'-^DXT'-T) 



D— T 



¥8 



D 



=0, very nearly. 
Adding this to (98), we obtain the mo- 
ment of resistance 

=M=^D'(3« + T) (99) 

This is believed to be the simplest and 
most accurate approximate formula pos- 
sible to deduce. The following table 
will show that, taking all the forms in 
Carnegie's book as a test, eq. (99) is three 
times as accurate as (96), or as the osten- 
sibly accurate results (and they are suffi- 
ciently accurate) given in Carnegie's 
^' Pocket Companion :" 





.2 ^TJ 

CO 08 5 «i.rf • 
CO ^ * ^g <U 


Eq. (96) 


True 


• 


Size. 


Tiiickn 

ioche 

the enc 

root 

flail 1 


or 
Carnegie's. 


moment 
eq. (98). 


• 


4 x4 


1 "i 


1.16 


1.11 


1.13 


3ix3J 


0.85 


0.80 


0.83 


3 x3 


6 16 

Tff ?ir 
If iis 


0.55 


52 


0.53 


2ix2i 


36 


0.34 


0.35 


2 x2 


0.20 


0.19 


0.19 


Hxii 


S A 

TV TV 


0.087 


0.083 


0.082 
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To find the moment of resistance of 
an eye beam, the neutral axis being any 
line parallel to the center line of the web. 
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Let ac=h, bd=t, Cd=d^, 
The lever arm of the flanges is by eq. (55) 



i=d^Hj=<^A-^^'^ 



(55) 



To find the lever arm of ihe web. 
Snpposing the strain at h equal to unity, 
the same equation would give the lever 

arm =d^-hi -^ ^, . But the strain at b is 

Ki-«) 

--=-=-, — , and hence the lever arm=/' 
aC d^ + 1 
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t * \df, + 1_ d ^ 4- dji, f_ _ 



-Id I ^' \d,'^t d: + 

\^ ^(d^-\-t)l d " d ^M 
d ^Vld" d ^VM 

very nearly, (65') 

We observe that 777^ will not amount, 

12a 

in average cases, to nearly one hundredth 

A' 
part of j-^, or to scarcely a perceptible 

part of the lever arm. 

A' A" 
When t=h (55') gives ^'=^+0+ T^d 

A' 
= ^j + 0:7=^ *8 i^ ought. An arithmetical 

mean of the above lever arms used for 

both stem and flanges will give results 

sufficiently accurate in almost all cases. 

/ A' /t\ 
This lever arm iff, ^=^+ilojH-7;7)=^i 

nearly, (55'") 
If a = area of each flange and b that 
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of the web, we have from (55) and (55'), 
for the beam, 

= 2a(^d^ + ^ + b(d^'h^^ very nearly (100) 
or from (55'"), M.=(2a + b)(d^+.3~\^ 

Channel Babs. 

Let ac=h, bc=t and an {n is at the 

middle of bc)=h^, etc. The lever arm of 

the flanges, as we have just seen, is l=d^ 

A" 
-f ^ Observing that, in reference to 

the web, ^A in Fig. 49, is the same as A, 
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in Fig. 50, eq. (55) gives for the lever 
arm of the web ' 
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/ = L ^ = ^ L very nearly (103) 

d I2d d 

The notation being as before, the mo- 
ment is therefore 

= «. = ^(<^3->»'-^ (10.) 
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In Fig. 51 let ac=h, br=ty etc. Eq. 
(55) gives the lever arm of the flanges, 

and the lever arm of the web 

=:l''=zd—t-\-^=d—t, very nearly. 

Hence M,=2«((?,+gi)+ b(d-t + ^ 

:*-.2*M rf, + ^) + * {d—t) very nearly (104) 
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These formulas evidently apply with- 
out change to angle irons, as shown in 
Fig. 52. 
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We shall now apply the preceding 
formulas to finding the moment of re- 
sistance of compound beamp, girders, 
etc., selecting our examples for the pur- 
pose from actual practice. We sha.l de- 
duce formulas exceedingly short and 
practically perfectly accurate. We will 
first consider angle irons. 

Referring to Fig. 62 the lever arm of 
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the vertical leg is equal to d—h -\- — , and 

^« 
of the horizontal leg to d—t-\-^j^=-d—t 

very nearly. 

Hence, supposing bc=:af~-h^ we have 
the lever arm of the angle equal to an 
arithmetical mean between the lever arms 

of the \eg^=l=:\\(:l—t-\-d—h-\- ^ \ 

nearly, which shows that the extremity 
of the lever arm, or the center of mo- 
ments, is in this case nearly at (though a 
little above) the middle of dg. 
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Suppose, now, the horizontal leg to be 
shortened an amount hc=ab=zty so that 
ah=af=h, the legs being equal: to find 
the decrease in the lever arm of the 
angle. M, the middle point of dg, is the 
center of moments, very nearly, for the 
angle acf ; and o the same for the angle 
ahf. Let nio=x. 

Taking moments about m, and observ- 
ing that the areas of the parts of the 
angle are as their lengths, we have : 

mo(af-hbh)=doxhc, or x{2h-t)=^(h-t)t 

nearly. Subtracting this from (106), we 
have for equal legs — 

Lever arm = T = d—Uh ■\-t)-\ - — r^-r 

\4 DC* 

or eflFective depth 

=D'=D-(A + 0-g-^-^) (106) 

Now, suppose the vertical leg=A and 
the horizontal leg = A -f-e, then as above 
we readily find, 

__6(A— eh .^^__i 
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Applying^ this to all the forms rolled 
by Carnegie, taking average thickness of 
legs, we find the average to be 

x=.n2e=^e very nearly. 

Hence for unequal legs the lever arm is, 

l"=d-i{h + t)~(^^-^^+ie (105") 
And the effective depth is 

jr-. is too small to take note of. 
oa 

Again, ,-, is only a small part of 

unity, and furthermore, in no properly 
proportioned beam can this expression 

differ from ^ by an appreciable amount — 

by an amount scarcely affecting the deci- 
mal places of the result. This becomes 
apparent when we reflect that, approxi- 
mately, t cc hcc'D, and hence 

^ J or ~.x —X ax D, and ^« — ^ ,- . 
dd 6d d ' 2 3« 
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For an average case, let ^=f, ^=3» 
D=30, we have 

The equations become, therefore, for equal 
legs, D'=D-(A + 0, (108> 

And for unequal legs, 

D"=D-(AH-0 + Je. (lOg) 

In case of unlike angles for the upper 
and lower flanges we have the effective 
depth 

in which the accented letters refer to the 
angles on one of the flanges. 
If t=t\ effective depth 

=D"=D-i(A + A' + 2jJ) -f-i(e + 6') (111) 

Plate Girders. 

Let Fig. 54 represent a single plate 
girder formed by a plate and four angles. 

In proportioning built beams, it is un- 
derstood to be the duty of the web to- 
maintain a rigid connection between the 
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flanges ; and it is usual to assume that 
^Hhe flanges sustain all the horizontal 
strains and no other, and that the web 
sustains only the vertical strains." 

Some engineers treat the web, as also 
resisting horizontal strains, the same as 
a beam with no flanges ; and since it can 
only partially do so, they attempt to cor- 
rect the assumption by allowing a pro- 
portionately smaller strain per D " of 
<;ross section. But this is plainly nn- 
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philosophical, since the ratio of the area 
of the web to that of the flanges is not 
constant. If anything at all is allpwed 
for the web in resisting horizontal strains, 
such a part only of its resisting power as 
a beam, should be allowed as experiment 
will justify. 

The flanges are frequently made equal, 
the supposition being, however, that the 
resisting power of the cross section of 
the compiression flange in such cases, is 
somewhat greater than that of the net 
area (rivet holes deducted) of the tension 
flange. 

I will in the following examples, give 
the results by my formulas, as well as 
those by the usual formulas, noting the 
errors of the latter. 

JExample 1. Web 20" x i" ; 4 angles 
2i" X 2i" X i", as shown in Fig. 64. In- 
stead of multiplying the area of each flange 
by its lever arm, we may multiply the 
area of one flange by twice its lever arm, 
or the " effective depth " of the beam. 

Now, by (108), the effective depth 
=Dj=2e?- (A + 0=20-2^=17.5. And 



108 



the area of the two angles is equal to 

Hence the moment by 77 is equal to 
D,a=17.6x 2.12=37.10. 

The true moment found by equation 
(106) is 37.28. 

Taking the eflfective depth equal to the 
clear depth between the horizontal legs 
of the angles, which is the least value 
used in general practice, and, therefore, 
leads to the lea-^t error, we find the mo- 
ment=19.5x 2^=41.44, showing an er- 
ror of 4.08, or about 11%. 

Example 2. Web 27" Xi"; 4 angles 
3"x2f' xi". 

The effective depth by (109) 

=D-(AH-0+4€=27-2f -1-1=24.42. 

The area of two angles=2.62; and 
24.42x2.62=63.98. 

The true moment is 64.14. 

Example 3. The floor beams of a 
bridge are 17f feet apart and 17^ feet 
long from center to center of pins ; and 
fully stiffened so that their length need 
not be regarded when considering the 
strains upon them. Hoadway, 16 feet 
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wide in the clear. Rolling load, 80& per 
D foot, or 1280!b per lineal foot of bridge. 

A beam, web 20" x i" and 4, 3" X 2", 
41b angles (^ inch thick, area 1.19 a") is 
proposed. Iron supposed to resist 8,000 
pounds per square inch in compression 
and 10,000 in tension. Is the beam suf- 
ficiently strong ? 

1° The dead load per lineal foot of 
bridge is : 

Flooring (oak), Pounds. 

2^X16=40 ft. ; 40x4i=180 
11 joists (pine), 

^^\^.^^^ =33 ft. ; 33 X 3J=110 

2 felloe guards, 

i^^^=4ft.; 4X3^= 13 

Total, ^03 

Rolling load, 16x80=1280 pounds. 
Total per lineal foot, 1683 '' 

1583Xl7f =27263=the external load on 
the beam. 
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Area of web=20xi=5D 
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and weight= — ^ — =16.67 

Weight of angles per foot=4x 4=16.00 

Total, 32.67 
Add for stiffening angles, 

filling plates and rivets, 20%= 6.53 

39.20 

Hence weight of beam = 39.2 Xl7| = 673 

Add, 27263 

Total load =27936 
The moment of the load 

=m=?!??«2il!i><12=719352. 

The compressive side of the beam is 
the weaker. 

The effective depth of angles is by 
(109), D,=20-2i+J=18^, hence, con- 
aidtring the web fully effective^ equation 
(76) gives for the moment of resistance 
of the beam; 

m'=8000(18^yX2.38+|X6x20)=477630 

Now 4Ht|J=66 nearly; and we find 
hat the beam has at most, (according to 
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t?ie specifications^ about two- thirds of the 
required strength or capacity. 

2® Disregarding the coefficient 8,00 J, 
and considering the tensile side to be 
the weaker. Using |" rivets in -J-J-" holes, 
the angles being ^" thick, the area lost 
by a rivet in each angle is ^X\\X\ 
=.344". 

Hence the effective area of a flange is 
2.375— .344=2.03", and we have moment 
of resistance of beam 

= 10000(2.03 X I83V + 1 X 20) = 533792. 

The beam has, under this supposition, 

a capacity of 4fBlf='^^% ^f that re- 
quired. 

3*^ Computing, according to the Car- 
negie formula, coefficients and all, which 
formula was professedly (though in view 
of the 8000 coefficient, inconsistently) 
used in this case ; we have the moment 
of resistance of beam equal to 

10000 X 2.38 X 20=476000. 

Now, fBIM=-66' showing that the 
beam has over 66%, or about f of re- 
quired capacity. 

4t* Eeferring to the Carnegie table we 
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find the area requii*ed for each flange 

=3.58 square inches, and as we have an 

area equal to 2.38 square inches, the ca- 

2 38 
pacity of beam is --^-=.66, or 66% as 
'^ o . oo 

above. We will try a web plate J" X 24". 

Flanges, four, 3"x2"xVV" (6fc angles). 
Weight of web=i^|^ = 20 
Weight of angles = 4x5 = 20 

"40 
Add 20% 8 

Is 

Hence weight of beam =48x17^ =824 

Add 27263 



Total load 28087 
The moment of the load 

O 

The eflfective depth of flanges 

=24-(2 + -i5V) + i=22.02. 

Hence m'=8000(aD, +iBD) 

=8000(2.98X22.02 + 24=717040. 
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The beam is therefore about one-Jialf 
of one per cent, only short of the capac- 
ity required, and is therefore satisfactory. 

According to Carnegie we have mo- 
ment of resistance = 10000x2.98x24 
=716^00, showing a deficiency of about 

1%. 

A plate girder with fLmge plates. The 
effective depth of the flange plates is but 
little greater than the web plate D. 

To find the effective depth of the angles 
we observe that were the strain at c 
unity,, the effective depth by (109) would 
be D— (A-hQ+i^. But the strain at c 
is equal to 

mc d D D-2^ 

— =r ^ =: nearlv. 

ma d-Vt^ D-h2^^ D ^ 

=1— * nearly. 
Hence the effective depth is equal to 

+ Je-2«^-h 
=D-(^ + « + 2^,) + Je nearly. (109') 
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For equal legs, e=o, and we have ef- 
fective depth 

=D =D-(A + t)-2t^=I>-{h + 1 + 2«,) (108') 
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Eqs. (108') and (109'), compared with 
(108) and (109), show that the reduced 
effective depth of a section covered by 
a plate is approximately equal to the ef- 
fective depth without the plate, less the 
thickness of the plate. Of course the 
principle applies to all sections situated 
substantially the same. 

For unequal legs, with plates whose 
thickness is *,, eqs. (110) and (111) be- 
come. 
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(110') 
and D"=D-i(A + A'= + 20 + i(6 + eO-'^«, 

(111') 

For one plate we write in those several 
equations, t^, for 2«^. The effective depth 
is to be used with the weaker flange. 

Example — A track stringer (17 feet 
and one inch long from center to center 
of floor beam). 

Web, 21i"X3^''Xl6' IH" long. 

Upper flange, 2 angles 3i"x3"xf", 
one plate, 8"xf". 

Lower flange, 2 angles, 5" X 4" X f "• 
(111') gives, effective depth 

=21.5-^(3 + 4 + 1) +|X|-f =17.5. 

The lower flange is the weaker. 
Area of lower flange is 6.47 n ". 

Hence the moment is 6.47x17.6=113.22. 

Were the depth of the web taken for 
the effective depth, the error would be, 

!^Z1Z:5=23^ nearly. 
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A box girder (Fig. 56) may be treated 
precisely as a plate girder, the former 
having two web plates, the latter one. 

A, box girder as shown in Fig. 57. 

D being the depth of channels ; 

D, average depth between flanges ; 

b the area of the webs ; 

a the area of flanges on one side of the 

axis; 
t average thickness of flange ; 
A the area ; and 
t^ the thickness of a plate. 

Eq. (55) gives the effective depth of 
plates but little greater than D ; and the 
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same eq. observing the remark under 
eqs. (108') and (109') shows the effective 
depth of the web to be but little greater 
than D—2t, and that of the flanges a lit- 
tle greater than D^—2t=D—2t—2t^, 

The effective depth for the channels 
and plates together will not vary much 
from D— 2^^. 

Hence the moment 

M=(a-hA-h^^) (D-2«,) (112) 
JExample — 15" channels. 

Let plate be 12" X4"; 
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Area of two flanges =4 125. 
Area of two web8=15.75 and D— 2^^=14. 
Hence m=U(6-h 4125 + 2.62) 

=14X12.75=178.5. 

If the channels are tamed inward the 
moment will, of course, be the same. 

In a similar way may the effective 
depth and moment of resistance of any 
form of girders be found. 



Solid Ete Beams. 

JExample — Floor beams 17^ feet apart 
and 17^ feet from center to center of 
pins. Roadway 16 feet wide in the 
clear. Rolling load 1280 pounds per 
lineal foot of bridge. Allowable strain 
10,000 pounds per square inch. 

A 12", 42 pound eye beam (Carnegie 
No. 3) is used. Is it sufficient for the 
load? The moment of the beam is 
45.96x10000=459600. 

Load per lineal foot of bridge ; 



119 

FJooring (pine 3") 

3X16=48 ft., 48x3i=160 pounds. 
9 joists (pine 3"Xl2") 

3X9=27 ft, 27 >3J=: 90 
2 wheel guards (pine 6"X6") 

2x3=6ft.,6x3i= 20 

"270 
Add 1280 



1550 
Load on the beam 

=1550x17^=27125 pounds. 

Weight of beam=17^x42 = 721 

Total load on beam 27846 
The moment of the load 

Now 4f^i|J=.64. This shows that 
the floor beam has but 64% of the re- 
quired capacity. A 15", 50Ib beam has 
a moment of resistance = 70.6x10000 
=7060l»0, and has therefore a capacity of 
^ff^J=.98, or 98% of that required, 
and may be considered sufficient. 

Complete design for a plate floor beam 
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with cover plates for a single track rail- 
way bridge. 

Let the beam be 15 feet between sap- 
ports, total length 16 feet; and let A0= 
DB=5| feet=62 inches and CD=4| feet 
=66 inches. The ends of the track 
stringers rest at C and D. 

Let the web plate be 28 inches deep 
and f of an inch in thickness. The 
flanges alone are supposed to resist the 
longitudinal strains of compression and 
tension. 

We will suppose the beams to be 16 
feet apart, and the wheel spaces 7 feet ; 
and that 24,000 pounds rest upon each 
pair of wheels. The train weight on a 
beam is therefore 

24,000 + 2X^X24,000 f 2 x i^ X 24,000 

=57,000 pounds, or 28,500 at and at 
D. 

We will assume the weight of beam to 
be 100 pounds per foot, or 1,600 pounds; 
and that of the track stringer 80 pounds 
per foot, or 1,280 pounds. Hence the 
external weight on the beam at C or at 
D is 
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28,600 + 640=29,140 pounds. 

The reaction V at A, is equal to 

29, 1 40 + 800=30,000 pounds nearly. 

The weight of the beam between A and 
C is 6^x100=520 pounds. 

Hence the bending moment at C is 

30,000 X 62—620x31=1,844,000 

inch pounds nearly. 

To proportion the flanges for the middle 
portion of the beam. 

We will try 3"^ X 3" X i" angle irons 
(10.4 lb., 3.11 D ") with a plate 9" XiV'- 

We will use J" rivets in both legs of 
the angles : 



Area of two angles is 6.22 a 

Area lost by a rivet, is 2xf X J .75" 



tr 



Net area is 5.47 
Net area of plate is (9— 2x}) X ^ 2.34 






Total area is 7.81 
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For an approximate result we may as- 
sume the effective depth of plate and 
angles together to be equal to the dis- 
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tance between the lines of centers of 
rivets in the vertical legs of the angles. 

This is approximately equal to D — A. 
In this case D— A =28— 3=25. 

We will take the allowable tensile and'* 
compressive resistances in the flanges to 
be 10,000 pounds per square inch. 

Hence, moment of resistance 

=10,000x7.81x25=1,952,500. 
This is about 110,000 or 6% in excess of 
requirements. 

We will therefore try the above angle- 
irons, with a plate 8"xV, computing 
more carefully 

Square Inches. 
Net area of angles =5.47 

Net area of plate =6i X yV =2.03 

Total, 7^50 

The lever arm of angles 

= 28— (3+i + t) +i = 24.04 inches, 
and that of the plate =28 " 

Hence moment of resistance 

=10,000 (6.47x24.04 + 2.03x28) 

=10,000 (131.5 + 56.8)=1,315,000 
+ 568,000=1,883,000 inch pounds. 
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This is about 2^ in excess of require- 
ments, and may be considered satisfac- 
tory. 

To find the number of rivets required 
in the vertical legs of the angle irons. 

The total strain in the flanges must 
pass through these rivets. Hence, as- 
suming the rows of rivets to be 25 inches 
apart, as above, the flange strain at C is 

l,844,000-^25 = 73,760 pounds, 
or 36,880 pounds on each angle. 

The bearing value of a J" rivet through 
af " plate is, by Table IV., 4,220 pounds. 
Hence number required is %W=1^* 

Since- the rivets sustain double shear 
in the flanges, Table IV. shows that the 
resistance of the rivets to shearing is 
much greater than to bearing, and that 
the former need not therefore be con- 
sidered. 

Now, the lever arm of the strain on 
the flanges is ^ (f + i) = iV"> *^^ *^^ ™^ 
ment, 36,880 XtV=1^»1^^ i^^^ pounds. 
The moment of a rivet is 780 inch pounds. 
Hence number of rivets required to resist 
bending is -1-^^=21. 
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We will iDsert, say, 24 rivets in the 62 
inches from A to C, spacing about 2J 
inches apart. 

The Table shows that with a f " plate 
the double shearing is equal to the bear- 
ing resistance for ^'' rivets and over, and 
we have just found that the bending is 
nearly equal to the bearing resistance for 
f ' rivets and over. 

Now, since the bearing resistance in- 
creases as the product of the diameter of 
rivet and thickness of plate, and the 
shearing re^stance as the square of the 
diameter of the rivet, and the bending 
resistance as the quotient of the cube of 
the diameter of the rivet, divided by the 
thickness of the plate and the angle leg; 
and since the thickness of the plate and 
that of the angle legs increase approxi- 
mately with the diameter of the rivets, it 
is evident that the three resistances in- 
crease or decrease approximately to- 
gether. 

With the plates and angles used, how- 
ever, it will be found that in general, the 
smaller rivets are weaker for bending 
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than bearing and the larger rivets 
stronger. 

It is unnecessary to compute the strain 
at any point between C and D, for it 
would differ from the strain at C or D by 
an amount due to the weight of the beam 
only, which is very small. 

To find the length of the cover plates. 

Since the weight of the beam is small 
compared with the load, the flange stress 
or moment of flange stress increases al- 
most uniformly from A to C. 

Hence an increased section is first 
needed at (5.47~-7.60)X 62=46 inches 
from A. 

If, however, the end of the cover plate 
is placed at the above point, the angles 
will be strained to the allowable limit at 
that point, the stress will decrease quite 
rapidly on either side of it, and the beam 
will be somewhat distorted in conse- 
quence. 

It is better, therefore, to extend the 
end of the plate from the point in ques- 
tion one-fourth or one- third of the dis- 
tance to A. 



J 
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We will use a cover plate 10 feet long, 
reaching from a point 2^ feet from A to 
a point 2^ feet from B. 

We will use f " rivets to bind the cover 
plate to the angles, and they should, so 
far as possible, be pitched half way be- 
tween the rivets in the other leg of the 
angle irons. 

It is customary to extend the cover 
plate, say, one and a half times its width* 
but the proper distance to extend the 
cover plate does not so much depend upon 
its width as upon the space between its 
end and the end of the beam, as above 
pointed out. 

We have so far confined our attention 
to the tension flange, but the same design 
is surely sufficient for the compression 
flange, since the resistance of wrought- 
iron for compression is fully equal to 
that for tension, and the rivet holes in 
the compression flange need not be de- 
ducted. 

The upper (compression) flange is fre- 
quently constructed with a cover plate, 
the low<er flange with heavier angle irons, 
without a cover plate. 
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While less material is lost in the ten- 
sion flange by rivet holes, without than 
with a cover plate, the use of a cover 
plate above and none below, leaves the 
flanges unsymmetrical. Besides, the ef- 
fective depth is less without than with 
cover plates, and hence the advantage of 
the above arrangement is not so great 
as might be supposed. For example, 
the gross material in the above flange 
is 6.22 + 2.50=8.72 square inches. 

Gross material in two angle irons, 

4" X3f' X .60 ', is 8.72 sq. ins. 

Area lost by a rivet is .2X .60Xj. .90 ** ** 



Net area of angles =7.82 " ** 

Effective depth of angles 

=28-(3i + .60) +.17=24.07." 

Now, 7.82 X 24.07 X 10,000=1,882,274, 
which is just about the same as for the 
flange found above. It is generally best 
to use a cover plate on each flange or 
none at all. 

To find the number of rivets in the 

« 

cover plate. 
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The total stress carried by the cover 
plate is 2.03X10,000=20,300 pounds. 

The bearing value of a rivet is 4,220 
pounds. Hence, the number of rivets 
required between the end of the plate 
and the point C is 

Fig. 59 shows the left half of the beam 
AEM, with the half cover plate EM, AE 
=30, EC=32, and CM=28 inches. 
Placing rivets 2 inches from the end of 
the plate and 4 inches from the middle, 
making the three spaces on the left 3, 4 
and 5 inches respectively, and the others 
6 inches, the plan of the beam will ap- 
pear as in the figure. This gives more than 
double the number required between the 
end of the plate E and C, and plenty be- 
tween C and M. 

In case more than one cover plate is 
used, there must be rivets enough be- 
tween the ends of the first and the sec- 
ond plate to take up the tension in the 
first plate. 

The number is found precisely as 
above. 
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In the compression flange, the cover 
plate between any two conpecutive rivets 
forms a solid rectangular column. 

And hence the rivets should not be so 
far apart as to allow of any material 
amount of lonof column flexure. 

The pitch of the rivets should prob- 
ably not be more than about 20 times the 
thickness of the plate. 

The reaction at the ends of the beam 
is 30,000 pounds. 

The transverse section of the web is 
28xf=10.6 square inches, the shearing 
resistance of which is 10.5x8,000=84,- 
000 pounds, or nearly three times the 
amount required. 

The upward pressure of 30,000 pounds 
at the end of the beam must also be pro- 
vided for. 

For this we will rivet two 3" X 2f' X f " 
angle irons to the web, one on each side, 
the 3" legs lying against the web. 

The area of the cross section of these 
two angle irons is 4 square inches, which 
is abundant to take up a compression of 
30,000 pounds. 
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Since the bearing capacity of a |" rivet 
is 4,220 pounds, we will require 30,000 
-7-4,220=8 such rivets to transfer the 
strain from the angles to the web ; 11 
rivets are used, as shown in the figure. 

It is important in such cases as this to 
secure a firm bearing of the lower ends 
of the vertical angle irons upon the 
flanges of the angle irons of the lower 
fiange, in order that the former may take 
up the reaction, and prevent the crushing 
of the web plate. 

Stiffening angles similar to those used 
at the ends should be riveted to the web 
at C and D. 

Since riveted work is never perfect, 
and since, too, the strains in the fianges 
are along the lines of rivet holes, which 
do not coincide with the center of forces 
on the angles, it is plain that there must 
be some strain and distortion of the 
fianges, not provided for in the computa- 
tion. 

It is well, therefore, to use an abundance 
of rivets. 

Taking the effective depth at 28 inches, 
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which it is customary to do, and which, 
we are assured, leads to "no essential 
error," we find the moment of resistance 

=10,000x7.5x28=2,100,000. 

Now (2,100,000— 1,883,000) -r- 1,883,000 
=.115, which shows an error of W^%. 

The error committed by assuming the 
effective depth to be equal to that of the 
web plate is greater without than with 
flange plates ; it increases as h increases 
compared with D. 

It is usually between 10 and 20%, giv- 
ing an average of perhaps 15%. 

The distortion spoken of above is 
greater with than without cover plates ; 
hence it is better to use cover plates 
sparingly, even at the sacrifice of some 
extra material at the ends of the angles. 

It is generally better, too, to use one 
cover plate for each flange than two or 
more, even though the one requires more 
material than the two ; for, in the first 
place, the heavy plate between two con- 
secutive rivets will resist far more bend- 
ing, as a column, than two plates of the 
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, same combined thicknesB; and, again, 

many more rivets are required with two 

plates than with one. 

We may now compute the weight of 

the beam. 

We have — 

Pounds. 

1 web plate, 16'X28"Xt"XV ^60 

4 angles. 4X16'X10.4 666 

2 cover plates, 2X10 X8"X A"X¥ 1^7 

8 stiffening angles, 8 x ff ' x 6.7 sq. ins 121 

8 filling plates, 8 x f f ' x 3" x i" x i^ 73 

Rivet heads (say) 33 

1,620 
or 101 pounds per foot. 

The weight of the beam exceeds the es- 
timate by a few pounds only. 

Should we dispense with the filling 
plates, which is often done, but not ad- 
visable, the weight of the beam would fall 
a little short of the estimate. 

Vis. oo 




A B 

The above design will apply equally 
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Table I. 
Moments of Inebtia and Resistance. 
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Table I. Continued. 
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Table I. — Continued. 
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Table L — Continued. 
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Table I. — Continued. 
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Table L— Continued. 
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Table I.— Continued. 
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Table I.— Continued. 
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Table I.— Continued. 
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Table I. — Continued. 
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Table I. — Continued. 
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Table I. — Continued. 
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well to the track stringer, or to any track 
stringer or plate girder. 

In case of the above track stringer, for 
example, the greatest reaction at each 

end is — '—^ =36,000 pounds. 

The moment at the center of the 
stringer in inch- pounds is 

36,000 X 8 X 12—24,000 X 7 x 12 

=1,440,000. 

The moment of resistance of two 15" 
light Oamegie eye beams is, by Carnegie 
or our Table above, 

2 X 70.6 X 10,000=1,412,000. 

This shows that two eye beams slightly 
heavier than the above would be suffi- 
cient for track stringers for the assumed 
load. 

Wooden Beams. 

The following Table gives the safe load, 
uniformly distributed, for rectangular 
oak or white or yellow pine beams, for a 
maximum fiber strain of 10,000 pounds 
per square inch. The table cavers the 



148 



Table II. 
Size of Beam. 



45 

u 

bo 

J 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
26 



2x4 


2x6 


2x8 


593 


1333 


2370 


508 


1143 


2032 


444 


1000 


1778 


395 


889 


1580 


356 


800 


1422 


323 


727 


1293 


296 


667 


1185 


274 


615 


1094 


254 


571 


1016 


287 


533 


948 


222 


500 


889 


209 


471 


837 


198 


444 


790 


187 


421 


749 


178 


400 


711 


169 


381 


677 


162 


364 


646 


155 


348 


618 


148 


333 


593 


142 


320 


569 



2x10 


2x12 


3x12 


8x14 


3704 


5333 


8000 


10889 


3175 


4571 


6857 


9833 


2778 4000 


6000 


8167 


2469 


3556 


5333 


7259 


2222 


3200 


4800 


6533 


2020 


2909 


4364 


5939 


1852 


2667 


4000 


5444 


1709 


2462 


3692 


5026 


1587 


2286 


3429 


4667 


1481 


2133 


3200 


4356 


1389 


2000 


3000 


4083 


1307 


1882 


2824 


3843 


1235 


1778 


2667 


3630 


1170 


1684 


2526 


3439 


nil 


1600 


2400 


3267 


1058 


1524 


2286 


3111 


1010 


1455 


2182 


2970 


966 


1391 


2087 


2841 


926 


1333 


2000 


2722 


889 


1280 


1920 


2618 



3x16 



14222 

12190 

10667 

9481 

8538 

7758 
7111 
6564 
6095 
5689 

5838 
5020 
4741 
4491 
4267 

4068 
8879 
3710 
3556 
3418 



sizes in general use. Observing, however, 
that the strength varies as the thick- 
ness and as the square of the depth, the 
strength of any size may be easily ob- 
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tained from some tabular size. Thus, a 
beam 2x16 will carry four times the load 
that one 2x8 will carry, or two-thirds 
the load that a beam 3x 16 will carry. 
Observing, too, that 

9' = S'' + 4' nearly, 10' = 8' 4- 6" 
18'=16'4-8' nearly, and 

20"=16'4-12', etc., etc. 

We see that a beam 9 inches in depth 
is but a trifle stronger than two beams of 
the same width, 8 and 4 inches in depth 
respectively. The same may be said^of a 
beam 18 inches in depth compared with 
two beams 16 and 8 inches in depth. 
A beam 10 inches in depth has just the 
strength of two others of the same width, 
8 and 6 inches in depth respectively ; and 
the same is true of a beam 20 inches in 
depth compared with two others 16 and 
12 inches in depth. 

Plate Gibders. 

Table III. gives coefficients for deter- 
mining the area required in flanges, al- 
lowing 10,000 pounds fiber strain per 
square inch of gross section. 



Table 



i sup- 
in ft. 


Effective 


^ 

Depth of Girder in Inches. 


tweer 
ports 


12 


14 


16 


18 
.083 


20 


22 


24 


10 


.125 


.107 


.094 


.075 


.068 


.062 


11 


.137 


.118 


.103 


.092 


.082 


.075 


.069 


12 


.150 


.129 


.112 


.100 


.090 


.082 


.075 


13 


.162 


.139 


.122 


.108 


.097 


.089 


.081 


14 


.175 


.150 


.131 


.117 


.105 


.095 


.087 


15 


.187 


.161 


.141 


.125 


.112 


.102 


.094 


16 


200 


.171 


.150 


.133 


.120 


.109 


100 


17 


.212 


.182 


.159 


.142 


.127 


.116 


.106 


18 


.225 


.193 


.169 


.150 


.135 


.123 


.112 


19 


.237 


.204 


.178 


.158 


.142 


.130 


.119 


20 


.250 


.214 


.187 


.167 


.150 


.136 


.125 


21 


.262 


.225 


197 


.175 


.157 


.143 


.131 


22 


.275 


.236 


.206 


.183 


.165 


.150 


.137 


23 


.287 


.246 


216 


.192 


.172 


.157 


.144 


24 


.300 


.257 


.225 


.200 


.180 


.164 


.150 


25 


.312 


.268 


.234 


.208 


.187 


.170 


.156 


26 


.325 


.279 


.244 


.217 


.195 


.177 


.162 


27 


.337 


.289 


.253 


.225 


.202 


.184 


.169 


28 


.350 


.300 


.262 


.233 


.210 


.191 


.175 


29 


.362 


.311 


.272 


.242 


.217 


.198 


.181 


30 


.375 


.321 


.281 


.250 


.225 


.205 


.187 
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icebe- 
1 sup- 
in ft. 


Effective Depth of Girder in Inches. 


Ill 
















h^ 


26 


28 


30 


32 


34 
.044 


36 


38 


10 


.058 


.054 


.050 


.047 


.042 


.039 


11 


063 


.059 


.055 


.052 


.049 


.046 


.043 


12 


.069 


.064 


.060 


.056 


.053 


050 


.047 


13 


.075 


.070 


.065 


.061 


.058 


.054 


.051 


14 


.081 


.075 


.070 


.066 


.082 


.058 


.055 


15 


.087 


080 


.075 


070 


.066 


.062 


059 


16 


.092 


.086 


.080 


.075 


071 


.067 


.063 


17 


.098 


.091 


.085 


.080 


.075 


.071 


.067 


18 .104 


.096 


.090 


.084 


.079 


.075 


.071 


19 .110 


.102 


.095 


.089 


.084 


.079 


.075 


20 


.115 


.107 


.100 


.094 


.088 


083 


.079 


21 


.121 


112 


.105 


.098 


.093 


.087 


.083 


22 


.127 


.118 


.110 


.103 


.097 


.092 


.087 


23 


.133 


.123 


.115 


.108 


.101 


.096 


.091 


24 


.138 


.129 


.120 


.112 


.106 


.100 


.095 


25 


.144 


.134 


.125 


.117 


.110 


.104 


.099 


2($ 


.150 


.139 


.130 


.122 


.115 


.108 


.103 


27 


.156 


.145 


.135 


.127 


.119 


.112 


.107 


28 


.162 


.150 


.140 


.131 


.124 


.117 


.110 


29 


.167 


.155 


.145 


.136 


.128 


.121 


.114 


30 


.173 


.161 


.150 


.141 


.132 


.125 


.118 


31 


.179 


.166 


.155 


.145 


.137 


.129 


.122 


32 


.185 


.171 


160 


.150 


.141 


.133 


.126 


33 


.190 


.177 


.165 


.155 


.146 


.137 


.130 


34 


.196 


.182 


.170 


.159 


.150 


.142 


.134 


35 


.202 


.187 


.175 


.164 


.154 


.146 


.138 


36 


.208 


.193 


.180 


.169 


.159 


.150 


142 


37 


.213 


.198 


.185 


.173 


.163 


.154 


.146 


38 


.219 


.204 


.190 


.178 


.168 


.158 


.150 


39 


.225 


.209 


.195 


.183 


.172 


.162 


.154 


40 


.231 


.214 


.200 


.188 


.176 


.167 


.158 
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The Table gives, opposite the length 
and under the efifective depth, the area 
required for a distributed load of 1,000 
pounds. Hence, to find the area re- 
quired for a given load, multiply the co- 
efficient by the load in pounds and divide 
by 1,000. 

For simplicity, the total depth may be 
taken for the effective depth ; but this 
will of course give too large a co-efficient 
and too small an area. The error thus 
committed is approximately equal to the 
resistance of the web ; and thus we see 
that, taking the total in place of the effect- 
ive depth, virtually supposes the web 
effective in resisting longitudinal strains, 
though professedly ignoring it for such 
a purpose. 

EXPLA.NATION OF TaBLES IV., V. AND VI. 

Rivets must be proportioned for trans- 
mitting the entire stress from one plate 
or group of plates, to another, taking into 
consideration the shearing and bending 
resistances, and the bearing surfaces. 
The requirements for bearing are fre- 
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Tablb V. 

Bearing Value of Pins for one Inch Thickness 

of Plate. 



Diame- 
ter of 
Pin. 

Inches. 



Area of 


Bearing 


Bearing 




Value at 


Value at 


Pin. 


12500 lbs. 


15000 lbs. 




per sq. inch. 


per sq. inch. 


Sq. inches. 


lbs. 


lbs. 


.785 


12500 


15000 


.994 


14100 


16900 


1.227 


15600 


18800 


1.485 


17200 


20600 


1.767 


18800 


22500 


2.074 


20300 


24400 


2.405 


21900 


26300 


2.761 


23400 


28100 


3.142 


25000 


30000 


3.547 


26600 


3ip6o 


3.976 


28100 


33800 


4.430 


29700 


35600 


4.909 


31300 


37500 


5.412 


32800 


39400 


5.940 


34400 


41300 


6.492 


35900 


43100 


7.069 


37500 


45000 


7.670 


39100 


46900 


8.946 


42200 


50600 


10.32 


45300 


54400 


11.79 


48400 


58100 
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Table V. — Continued. 



Diame- 
ter of 
Pin. 


Area of 


Bearing 


Bearing 




Value at 


Value at 


Pin. 


12500 lbs. 


15000 Ibs.i 




per sq. incli. 


per sq. inch. 


XUV/UC9. 


Sq. inches. 


lbs. 
51600 


lbs. 


4* 


13.36 


61900 


^ 


15.03 


54700 


65600 


4 


16.80 


57800 


69400 


H 


18.67 


60900 


73100 


H 


20.63 


64100 


76900 


sf 


22.69 


67200 


80600 


4 


24.85 


70300 


84400 


4 


27.11 


73400 


88100 


H 


29.46 


76600 


91900 




31.92 


79700 


95600 


e] 


34.47 


82800 


99400 


4 


37.12 


85900 


103100 



quently neglected, notwithstanding such 
requirements, except for the smaller 
rivets, frequently determine the number 
of rivets to be used. The bending mo- 
ments of rivets usually determine the 
number of the smaller sized rivets to be 
used. For example, the bearing value of 
a i" rivet on a f" plate is 4,220 pounds, 



Table ^^L 

Maximum Bending Moments to be allowed on 
Pins for Maximum Fiber Strains of 15000, 
20000 and 22500 lbs. per square inch. 



Diame- 
ter of 
Pin in 

Inches. 



Moment 

for 

8=15000. 

Lbs. in. 



1470 
2100 
2880 
3830 

4970 
6320 
7890 
9710 

11800 
14100 
16800 
19700 

23000 
23600 
80600 
35000 

39800 
44900 
50600 
56600 

63100 
70100 
77700 
85700 



Moment for 


Moment for 


8=20000. 


S-22500. 


Lbs. in. 


Lbs. in. 


1960 


2210 


2800 


3140 


3830 


4310 


5100 


5740 


6630 


7460 


8430 


9480 


10500 


11800 


12900 


14600 


15700 


17700 


18800 


21200 


22400 


25200 


26300 


29600 


30700 


34500 


35500 


40000 


40800 


45900 


46700 


52500 . 


53000 


59600 


59900 


67400 


67400 


75800 


75500 


84900 


84200 


94700 


93500 


105200 


103500 


116500 


114200 


128500 



157 



Table VI. — Continued. 



Diame- 


Moment 


Moment 


Moment 


ter of 


for 


for 


for 


Pin in 


S-15000. 


S=20000. 


8=22500. 


Inches. 


Lba. in. 


Lbs. in. 


Lbs. in. 


4 


94200 


125700 


141400 


i 


103400 


137800 


155000 


113000 


150700 


169600 


123300 


164400 


185000 


^ 


134200 


178900 


201300 


4 


145700 


194300 


218500 


157800 


210400 


236700 


170600 


227500 


255900 


5 


184100 


245400 


276100 


5| 


198200 


264300 


297300 


^1 


213100 


284100 


319600 


228700 


304900 


343000 


H 


245000 


326700 


367500 


5| 


262100 


349500 


393100 


i 


280000 


373300 


419900 


298600 


398200 


447900 


6 


318100 


424100 


477100 


H 


338400 


451200 


507600 


6i 


359500 


479400 


539300 


6| 


381500 


508700 


672300 


6J 


404400 


539200 


606600 


^ 


428200 


570900 


642300 


6f 


452900 


603900 


679400 


478500 


638000 


717800 
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while the double shear of the same is 
6,620 pounds. Examples illustrating 
bending will be given subsequently. If 
in any given case the number of rivets 
required to furnish sufficient bearing, 
much exceeds the number for shearing 
or bending, it may be advisable to in- 
crease the thickness of the plate for the 
purpose of decreasing the number of 
rivets. 

Pins must also be proportioned for 
shearing, bending and bearing ; but one 
of the two latter determines, in almost 
every case, the size required. 

Where groups of bars are connected to 
the same pin, as in the lower chords of 
truss bridges, the bars should be of a 
proper size, and be properly placed so as 
to make the bending strain, and conse- 
quently the size of the pin, as small as 
possible. 

JEJxample8.—B,equired the thickness of 
metal in the top chord of a bridge that 
will give sufficient bearing area for 3^" 
pin having to transmit a pressure of 60,- 
000 pounds, the allowable pressure per 
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inch of diameter of pin for one inch 
thickness of plate being 12,500 pounds. 

The bearing value of a 3^" pin for 1" 
thickness of plate = 39,100 pounds; 
therefore the thickness required = l^fH" 
=1J" nearly. Hence each of the two 
plates in the chord should be fully f " 
thick. 

The tension in the lower chord of a 
Pratt truss bridge, at the foot of the hip 
vertical, is 60,500 pounds. The chord on 
either side of the joint is formed of two 
bars 3i''X|"' what is the diameter of the 
required pin, allowing a fiber strain of 
15,000 pounds ? 

The pull on each of a pair of bars (two 
bars "packed" close together in adjacent 
panels) is 30,250 pounds. The lever 
arm of this pull is the distance between 
centers of the bars = i". Hence the 
moment is 30,250 X ^= 26,470, which calls 
for a pin 2f' ' in diameter. 
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Land System of the United States, Notes on the Barome- 
ter, siiggestions for an outfit for a survey of four months, 
etc. Second edition. Pocket-book form, tuck a 50 

BUTLER (Capt. J. S., U. S. A.) Projectiles and Rifled Cannon. 
A Critical Discussion of the Principal Systems of Rifling 
and Projectiles, w^ith Practical Suggestions for their Im- 
provement, as embraced in a Report to the Chief of Ord- 
nance, U. S. A. 36plates. 4to,cloth 600 
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C AI N (Prof. WM .) A Practical Treatise on Voussoir and Solid 
ana Braced Arches. i6mo, cloth extra $i 75 

CALDWELL (Prof. GEO. C.) and BRENEMAN (Prof. A. A.) 
Manual of Introductory Chemical Practice, for the use of 
Students in Colleges and Normal and High Schools. Third 
edition, revised and corrected. 8vo, cloth, illustrated. New 
and enlarged edition. i 50 

CAMPIN (FRANCIS). Onthe Construction oflron Roofs. 8vo, 

with plates, cloth 2 00 

CHAUVENET (Prof. W.) New method .of correcting Lunar 
Distances, and improved method of findine the error and 
rate of a chronometer, by equal altitudes. 8vo, cloth 2 00 

CHURCH (JOHN A.) Notes of a Metallurgical Journey in 
Europe. 8vo, cloth 2 00 

CLARK (D. KINNEAR, C.E.) Fuel: Its Combustion and 
Economy, consisting of Abridgments of Treatise on the 
Combustion of Coal and the Prevention of Smoke, by C. 
W. Williams ; and the Economy of Fuel, by T S Pri- 
deaux. With extensive additions on recent practice in the 
Combustion and Economy of Fuel: Coal, Coke, Wood, 
Peat| Petroleum, etc. i2mo, cloth X 50 

A Manual of Rules, Tables, and Data for Mechanical 
Engmeers. Based on the most recent investigations. Illus- 
trated with numerous diagrams. 1,012 pages. 8vp, cloth... 7 50 
Half morocco 1000 

CLARK (Lt. LEWIS, U. S. N ) Theoretical Navigation and 
Nautical Astronomy. Illustrated with 41 wood-cuts. 8vo, 
cloth X so 

CLAIQCE (T. C.) Description of the Iron Railway Bridge over 
the Mississippi River at Quincy, Illinois. Illustrated with 
2X lithographed plans. 4to, cloth 7 SP 

CLEVENGER (S. R.) A Treatise on the Method of Govern- 
ment Surveying, as prescribed by the US. Congress and 
Commissioner of the General Land Office, with complete 
Mathematical, Astronomical, and Practical Instructions for 
the use of the United States Surveyors in the field. x6mo, 
morocco 2 50 

COFFIN (Prof J. H. C.) Navigation and Nautical Astrono- 
my. Prepared for tne use of the U. S. Naval Academy. 
Sixth edition. 52 wood-cut illustrations. i2mo, cloth 3 50 

COLBURN (ZERAH). The Gas-Works of London. i2mo, 
boards w> 

COLLINS (J AS. E.) The Private Book of Usehil Alloys and 
Memoranda for Goldsmiths, Jewellers, etc. i8mo, cloth.. . 50 
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CORNWALL (Prof. H. B.) Manual of Blow Pipe Analysis, 
Qualitative and Quantitative, with a Complete System of 
Descriptive Mineralogy. 8vo, cloth, with many illustra- 
tions. N. Y., 1883 $250 

CRAIG (B.F.) Weights and Measures. An account of the 
Decimal System, with Tables of Conversion for Commer- 
cial and Scientific Uses. Square same, limp cloth so 

CRAIG (ProC THOS.) Elements of the Mathematical Theory 
of Fluid Motion. i6mo, cloth z as 

DAVIS (C. B.) and RAE (F. B.) Hand-Book of Electrical Dia- " 
grams and Connections. Illustrated with 3a full-page illus- 
trations. Second edition. Oblong 8vo, doth extra a 00 

DIEDRICH fTOHN). The Theory of Strains : a Compendium 
lor the Calculation and Construction of Bridges, Roofs, and 
Cranes. Illustrated by numerous plates and diagrams. 
8vo, cloth 500 

DIXON (D. B.) The Machinist's and Steam-Engineer's Prac- 
tical Calculator. A Compilation of useful Rules, and Prob- 
lems Arithmetically Solved, together with General Informa- 
tion applicable to Shop-Tools, Mill-Gearing, Pulleys and 
Shafts, Steam-Boilers and Engines. Embracing Valuable 
Tables, and Instruction in Screw-cutting. Valve and Link 
Motion, etc i6mo, full morocco, pocket form . ..(In press) 

DODD (GEO.) Dictionary of Manufactures, Mining, Ma- 
chinery, and the Industrial Arts . lamo, cloth z 90 

DOUGLASS <Prof 9. H.)andPRESCOTT(Prof A.B.) Qual- 
itative Chemical Analysis. A Guide in the Practical Study 
of Chemistry, and in tne Work of Analysis. Third edition. 
8vo, cloth 3 50 

DUBOIS (A. J.) The New Method of Graphical Statics. With 
60 illustrations. 8vo, cloth i 9) 

EASSIE (P. B.) Wood and its Uses. A Hand-Book for the use 
oi Contractors, Builders, Architects, Engineers, and Tim- 
ber Merchants. Upwards of 350 illustrations. 8vo, cloth i 50 

EDDY (Prof. H. T.) Researches in Graphical Statics, embrac- 
ing NewConstructionsin Graphical Statics, a New General 
Method in Graphical Statics, and the Theory of Internal 
Stress in Graphical Statics. 8vo, cloth i 50 

ELIOT (Prof. C. W.) and STOKER (Prof. F. H.) A Compen- 
dious Manual of Qualitative Chemical Analysis. Revised 
with the co-operation of the authors. By Prof. William R. 
Nichols. Illustrated. lamo, cloth i 50 

ELLIOT (Maj. GEO, H., U. S. R.) European Light-House 
Systems. Being a Report of a Tour of Inspection ihade in 
1873. 51 engravmgs and ai wood-cuts. 8vo, cloth 5 co 



D, VAN NOSTRAND S PUBLICATIONS. 



ENGINEERING FACTS AND FIGURES. An Annual 
Register of Progress in Mechanical Engineering and Con- 
struction for the years 1863-61-65-66-67-68. Fully illus- 
trated. 6 vols. i8mo, cloth (each volume sold separately), 
per vol $299 

FANNING (J. T.) A Practical Treatise of Water-Supply En- 
fiineering. Relating to the Hydrology. HydroUynamics, and 
Practical Construction of Water-W orlcs in North America. 
Third edition. With numerous tables and 180 illustra- 
tions. 650 pages. 8vo, cloth 500 

FISKE (BRADLEY A., U. S. N.) Electricity in Theory and 
Practice. 8vo, cloth ••-'<• 3 % 

FOSTER (Gen. J. G., U. S. A.) Submarine Blasting in Boston 
Harbor, Massachusetts. Removal ot Tower and Corwin 
Rocks. Illustrated with seven plates. 4to, cloth 3 ^ 

FOYE (Prof. J. C.) Chemical Problems. With brief State- 
ments of the Principles involved. Second edition, revised 
and enlaiiged. i6mo, boards 50 

FRANCIS (J AS. B., C E.) Lowell Hydraulic Experiments: 
Being -a selection from Experiments on Hydraulic Motors, 
on the Flow of Water over Weirs, in Open Canals of Uni- 
form Rectangular Section, and through submerged Orifices 
and diverging Tubes. Made at Lowell, Massachusetts. 
Fourth ecntion, revised and enlarged, with many new ez« 
penments, and illustrated with twenty-three copperplate 
engravings. 4to, cloth 15 00 

FREE-HAND DRAWING. A Guide to Ornamental Figure 
and Landscape Drawing. By an Art Student. xSmo^ 
boards 90 

GILLMORE (Gen. Q. A.) Treatise on Limes, Hydraulic Ce- 
ments, and Mortars. Papers on Practical Engineering, U. 
S. Engineer Department, No. 9, containing Reoorts of 
numerous Experiments conducced \n New York City during 
the years 1858 to i86x, inclusive. With numerous illustra- 
tions. 8vo, cloth 400 

■ Practical Treatise on the Construction of Roads. Streets, 

and Pavements. With 70 illustrations. x2mo, wloth a 00 

Report on Strength of the Building Stones in the United 

States, etc. 8vo, illustrated, cloth . 150 

Coignet Beton and other Artificial Stone. 9 plates, views, 

etc. mro, cloth a 50 

GOOD EVE (T. M.) A Text-Book on the Steam-Engine. 143 
illustrations. lamo, cloth a 00 

GORDON (J. E. H.) Four Lectures on Static Induction. lamo^ 
cloth 80 
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GRUNER (M. L.) The Manufacture of Steel. Translated 
from the French, by Lenox Smith, with an appendix on the 
Bessemer process m the United States, by the translator. 
Illustrated. 8vo, cloth $3 50 

HALF-HOURS WITH MODERN SCIENTISTS. Lectures 
and Essays. Hy Professors Huxley, Barker, Stirling, Cope, 
Tyndall, Wallace, Roscoe, Hu^gins, Lockyer, Young, J 

Mayer, and Reed. Being the University Series bound up. , 

With a general introduction by Noah Porter, President of 
Yale College, a vols. 12010, cloth, illustrated a 50 

HAMILTON (W. G.) Useful Information for Railway Men. 
Sixth edition, revised and enlarged. 563 pages, pocket form. 
Morocco, gilt 200 

HARRISON (W. B.) The Mechanic's Tool Book, with Prac- 
tical Rules and Suggestions for Use of Machinists, Iron- 
Workers, and others. Illustrated with 44 engravings. 
I2mo, cloth I 50 

HASKINS (C. H.) The Galvanometer and its Uses. A Man- 
ual for Electricians and Students. Second edition. Z2mo, 
morocco i 50 

HENRICI (OLAUS). Skeleton Structures, especially in their 
application to the Building of Steel and Iron Bridges. With 
folding plates and diagrams. 8vo, cloth 150 

HEWSON (WM.) Principles and Practice of Embanking 
Lands from River Floods, as applied to the Levees of the 
Mississippi. 8vo, cloth 2 00 

HOLLEY (ALEX. L.) A Treatiseon Ordnance and Armor, em- 
bracing descriptions, discussions, and professional opinions 
concerning the materials, fabrication, requirements, capa- 
bilities, and endurance 01 European and American Guns, 
for Naval, Sea-Coast, and Iron-Clad Warfare, and their 
Rifling, Projectiles, and Breech-Loading ; also, results of 
expenments against armor, from official records, with an 
appendix referring to Gun-Cotton, Hooped Guns, etc., etc. 

48 paees, 493 engravings, and 147 Tables of Results, etc. 

vo, half roan 1000 

Railway Practice American and European Railway 



Practice in the economical Generation of Steam, including 
the Materials and Construction of Coal-burning Boilers, 
Combustion, the Variable Blast, Valorization, Circulation, 
Superheating, Supplying and Heating Feed-water^ etc., 
and the Adaptation of Wood and Coke-burning Engmes to 
Coal-burning ; and in Permanent Way, including Road-bed, 
Sleepers, Rails, Joint- fasteningns, Street Railways, et6., etc. 
With 77 lithographed plates. Folio, cloth la 90 

HOWARD (C. R.) Earthwork Mensuration on the Basis of 
the Prismoidal Formulse. Containing simple and labor- 
aayixig method of obtaining Prismoidal Contents directly 
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from End Areas. Illustrated by Examples, and accom- 
panied by Plain Rules for Practical Uses. Illustrated. 8vo, 
cloth $x 50 

INDUCTION-COILS. How Made and How Used. 63 iUus> 
trations. i6mo, boards 50 

ISHERWOOD (B. F.) Engineering Precedents for Steam Ma- 
chinery. Arranged in the most practical and useful manner 
for Engineers. With illustrations. Two volumes in one. 
8vo,clobh 250 

JANNETTAZ (EDWARD). A Guide to the Determination of 
Rocks: being an Introduction to Lithology. Translated 
from the French by G. W. Plympton, Professor of Physical 
Science at Brooklyn Polytechnic Institute. i2mo, cloth.... x so 

JEFFERS (Capt. W. N., U. S. N.) Nautical Surveying. Illus- 
trated with 9 copperplates and 31 wood-cut illustrations. 
8vo, cloth 500 

JONES (H. CHAPMAN). Text-Book of Experimental Or- 
ganic Chemistry for Students. i8mo, cloth z 00 

JOYNSON (F. H.) The Metals used in Construction: Iron, 

Steel, Bessemer Metal, etc., etc. Illustrated. lamo, cloth. 75 

Designing and Construction of Machine Gearing. Illus- 
trated. 8vo, cloth 200 

KANSAS CITY BRIDGE (THE). With an account of the 
Regimen of the Missouri River, and a description of the 
methods used for Founding in that River. By O. Chanute, 
Chief-Engineer, and George Morrison, Assistant-Engineer. 
Illustrated with five lithographic views and twelve plates of 
plans. 4to, cloth 600 

KING (W. H.) Lessons and Practical Notes on Steam, the 
Steam-Engine, Propellers, etc., etc, for young Marine En- 
gineers, Students, and others. Revised by Cnief-Engineer 
T. W. King, U. S. Na\'y. Nineteenth edition, enlarged, 
ovo, cloth 2 00 

KIRKWOOD (JAS. P.) Report on the Filtration of River 
Waters for the supply of Cities, as practised in Europe, 
made to the Board of Water Commissioners of the City of 
St. Louis. Illustrated by 30 double-plate engravings. 4to, 
cloth 1500 

LARRABEE (C. S.) Cipher and Secret Letter and Telegra- 
phic Code, with Hogg's Improvements. The most perfect 
secret code ever invented or discovered. Impossible to read 
without the key. z8mo, cloth X 00 

LOCK (C. G.), WIGNER (G. W.), and HARLAND (R. H.) 
Sugar Growing and Refining. Treatise on the Culture of 
Sugar- Yielding Plants, and the Manufacture and Refining of 
Cane, Beet, and other sugars. 8vo, cloth, illustrated 12 00 
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LOCKWOOD (THOS. D.) Electricity, Magnetism, and Elec- 
tro-Telegraphy. A Practical Guide tor Students, Operators, 
and Inspectors. 8vo, cloth ....•• .$a ^ 

LORING (A. E.) A Hand-Book on the Electro-Magnetic Tele- 
graph. Paper boards ep 

Cloth 75 

Morocco xoo 

MacCORD (Prof. C. W ) A Practical Treatise on the Slide- 
Valve by Eccentrics, examining by methods the action of 
the Eccentric upon the Slide- Vanre, and explaining the prac- 
tical processes of lavinjgf out the movements, adapting the 
valve for its various duties in the steam-engine. Second edi- 
tion Illustrated. 4to, cloth 2 50 

Mcculloch (Prof. R S.) Elementary Treatise on the Me- 
chanical Theory of Heat, and its application to Air and 
Steam Engines. 8vo, cloth 3 50 

MERRILL (Col. WM, E., U. S. A.) Iron Truss Bridges for 
Railroads. The method of calculating strains in Trusses, 
with a careful comparison of the most prominent Trusses, in 
reference to economy in combination, etc., etc. Illustrated. 
4tOt cloth 5 00 

MICHAELIS (Capt. O. E., U. S. A.) The Le Boulenge 
Chronograph, with three lithograph folding plates of illus- 
trations. 4to, cloth 3 00 

MICHIE (Prof P. S.) Elements o» Wave Motion relating to 
Sound and Light. Text-Book forthe U.S. Military Acade- 
my. 8vo, cloth, illustrated 500 

MINIFIE (WM.) Mechanical Drawing. A Text-Book of Geo- 
metrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly 
explained ; the Practical Problems are arranged, from the 
most simple to the more complex, and in their description 
technicalities are avoided as much as possible. With illus- 
trations for Drawing Plans, Sections, and Elevations of 
Railways and Machinery: an Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over 200 diagrams engraved on steel. Ninth 
edition. With an Appendix on the Theory and Application 

of Colors. 8vo, cloth 4 00 

*' It is the best work on Drawing that we have ever seen, and is 
especially a text-book of Geometrical Drawing for the use of Me- 
chanics and Schools. No youn^ Mechanic, such as a Machinist, 
Engineer, Cabinet-maker. Millwnght, or Carpenter, should be with- 
out it.**— SW«rf«/fc Amertean. 

■ Geometrical Drawing. Abrideed from the octavo edi- 
tion, for the use of schools. Illustrated with forty-eight 
steel plates. Fifth edition. i3mo, cloth a 00 
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> (E.) Easy Rales for the Measurement of Earth- 
works, by Means of the Prismoidal Formula. 78 illustra- 



MODERN METEOROLOGY. A Series of Six Lectures,. de- 
livered under the auspices of the Meteorological Society 
10x878. Illustrated. i2mo,cloth ^ $z S° 

MORRIS 
works, 
tions. 8vo,cIoth .' 1 50 

MOTT (H. A , Jr.) A Practical Treatise on Chemistry (Quali- 
tative and Quantitative Analysis), Stoichiometry, Biow-pipe 
Analysis, Mineralogfy^ Assavin^, Pharmaceutical Prepara- 
tions, Human Secretions, Specinc Gravities. Weit^hts and 
Measures, etc., etc., etc. New edition, 1883. 650 pages. 
Svojcloth 400 

NAQUET (A.) legal Chemistry. A Guide to the Detection of 
Poisons, Falsification of Writings, Adulteration of Alimen- 
tary and Pharmaceutical Substances, Analysts ^of Ashes, 
and examination of Hair, Coins, Arms, and Stains, as ap> 
plied to Chemical Jurisprudence, for the use of Chemists, 
physicians. Lawyers, Pharmacists, and Experts. Translat- 
ed, with additions, including a list of books and Memoirs on 
Toxicology, etc., from the French. By T- P Battershall, 
Ph.D., with a preface by C. F. Chandler, Ph.D., M.D., 
LL.D. i2mo, cloth 200 

NOBLE (W.H.) Ustfiil Tables. Pocket form, cloth 90 

NUGENT (E.) Treatise on Optics ; or. Light and Sight, theo- 
retically and practically treated, with the application to 
Fine Art nd Industrial Pursuits. With X03 illustrations, 
lamo, cloth i so 

PEIRCE (B.) System of Analytic Mechanics. 4to, cloth xo 00 

PLANE ABLE <THE). Its Uses in Topographical Survey- 
ing. From the Papers of the U. S. Coast Survey. Illustrat- 
ed. :.,, cloth 200 

•* This work gives a description of the Plane Table employed at 
tfie U. S. Coast Survey office, and the manner of using it.'*^ 

PLATTNER. Manual of Qualitative and Quantitative An- 
alysis with the Blow-Pipe. From the last German edition, 
revised and enlarged. By Prot. Tl». Richter, of the Royal 
Saxon Mining Academy. Translated by Prof H. B. Corn- 
wall, assisted oy John H. Caswell. Illustrated with 87 wood- 
cuts and one lithographic plate. Fourth edition, revised, 
5l6opages. 8vo, cloth 500 

PLYMPTON (Prof. GEO. W.) The Blow-Pine. A Guide to its 
use in the Determination of Salts and Minerals. Compiled 
irom various sources. i3mo, cloth. I 50 

■■ The Aneroid Barometer: Its Construction and Use. 

Compiled irom several sources. x6mo, boards, illustrated, 50 
Morocco loo 
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PLYMPTON (Prof. GEO. W.) The Star-Finder, or Plani- 
sphere^ with Movable Horizon ^ Printed in colors on fine 
card-board, and in accordance with Proctor's Star Atlas. . .(i oo 

POCKET LOGARITHMS, to Four Places of Decimals, includ- 
ing Lc^arithms of Numbers, and Logarithmic Sines and 
Tangents to Sinele Minutes. To which is added a Table of 
Natural Sines, Tangents, and Co-Tangents. i6mo, boards, 50 
Morocco zoo 

POOK (S. M.) Method of Comparing the Lines and Draught- 
ing Vessels propelled by Sail or Steam. Including a chap- 
ter on Laying-on on the Mould-Loft Floor, z vol. Svo, with 
illustrations, cloth 5 00 

POPE (F. L.) Modem Practice of the Electric Telegraph. A 
Hand-Book for Llectricians and Operators. Eleventh edi- 
tion, revised and enlarged, and fully illustrated. Svo, cloth, a 00 

PRESCOTT (Prof. A. B ) Outlines of Proximate Oi^anic An- 
alysis, for the Identification, Separation, and Quantitative 
Determination of the more commonly occurring Organic 
Compounds. i2mo, cloth i 75 

Chemical Examination of Alcoholic Liquors. A Manual 

of the Constituents of the Distilled Spirits and Fermented 
Liquors of Commerce, and their Quahtative and Quantita- 
tive Determinations, zzmo, cloth Z 50 

First Book in Qualitative Chemistry. Second edition. 

ismOfCloth z so 

PYNCHON (Prof. T. R.) Introduction to Chemical Ph\-sics, 
designed for the use of Academies, Colleges, and High- 
Schools. Illustrated with numerous engravings, and con- 
taining copious experiments with directions for preparing 
them. New edition, revised and enlarged, and illustrated 
by 269 illustrations on wood. Crown Svo, cloth 300 

RAMMELSBERG (C. F.) Guide to a Course of Quantitative 
Chemical Analysis, especially of Minerab and Furnace Pro- 
ducts. Illustrated by £xamples. Translated by J. Towler, 
M.D. 8vo, cloth 2 25 

RANDALL (P. M.) Quartz Operator's Hand-Book. New edi- 
tion, revised and enlarged, fully illustrated. Z2mo, cloth.. . a 00 

RANKINEfW. J. M.) Applied Mechanics, comprising Prin- 
ciples of Statics, Cinematics, and Dynamics, and Theory 
ot Structures, Mechanism, and Machines. Crown 8vo^ 
cloth. Tenth edition. London 500 

■■ A Manual of the Steam-Engine and other Prime Movers, 
with numerous tables and illustrations. Crown Svo, cloth. 
Tenth edition. London, 1882 5 OO 

■■ A Selection from the Miscellaneous Scientific Papers of, % 
with Memoir by P. G. Tait, and edited by W. J. Millar, C.E. 
Svo, cloth. London, 1880. zo 00 
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RANKINE (W. J. M.) A Manual of Machinery and Mill-woric 

Fourth edition. Crown 8vo. London, 1881 $5 00 

■ Civil Engineering;, comprising Engineering Surveys, 
Earthwork, Foundations, Masonry, Carpentry, Metal- 
works, Roads, Railways, Canals, Rivers, Water-works, 
Harbors, etc., with numerous tables and illustrations. 
Fourteenth edition, revised by E. F. Bamber, C.E. 8vo. 
• London, 1883.... .. 650 

— — Useful Rules and Tables for Architects, Builders, Car^ 
penters, Coachbuilders, Ens^neers, Founders, Mechan- 
ics, Shipbuilders, Surveyors, Typefounders, Wheelwrights, 
etc. Sixth edition. Crown 8vo, cloth. London, 1883 4 00 

and BOMBER (E. F.) A Mechanical Text-Book ; or. 

Introduction to the Study of Mechanics and Engineering. 
8vo, cl th. London, X87S 3 9* 

RICE {Prof. J. M.) and JOHNSON (Prof. W. W.) OnaNew 
Method of Obtaining the Differentials of Functions, with 
especial reference to the Newtonian Conception of Rates or 
Velocities. i2mo, paper 50 

ROGERS (Prof. H. D.) The Geology of Pennsylvania. A Gov- 
ernment Survey, with a General view of the Geology of the 
United States, Essays on the Coal Formation and its Fos- 
sils, and a description of the Coal Fields of North America 
and Great Britain. Illustrated with Plates and Engravings 
in the text. 3 vols. 4to, cloth, with Portfolio of Maps 90 00 

ROEBi.lNG(J. A) Long and Short Span Railway Bridges. 
Illustrated with large copperplate engravings of plans and 
views. Imperial folio, cloth 25 00 

ROSE (4OSHUA, M.E.) The Pattern-MakeHs Assistant, em- 
bracing Lathe Work, Branch Work, Core Work,Sweep Work, 
and Practical Gear Constructions, the Preparation and Use 
of Tools, together with a large collection of useful and val- 
uable Tables. Third edition. Illustrated with 250 engrav- 
ings. 8vo, cloth 2 90 

the Electric Tel- 
s apparatus. Second 

« 25 

SA£LTZER(ALEX ) Treatise on Acoustics in connection with 

Ventilation. i2mo, cloth i 00 

SCHUMANN (F) A Manual of Heating and Ventilation in 
its Practical Application for the use of Engineers and Archi- 
tects, embracing a series of Tables and Formulae for dimen- 
sions of heating, flow and return pipes for steam and hot- 
water boilers, flues, etc., etc. i2mo. Illustrated. Full 
roan ... i 50 

Formulas and Tables lor Architects and Engineers in 

calculating the strains and capacity of structures in Iron 
and Wood. Limo, morocco, tucks a 50 
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LAWYER (W. E.) Electric-Lighting by Incandescence, and 
its Application to interior Illumination. A Practical 
Treatise. With g6 illustrations. Third edition. 8vo, clothes 50 

SCRIBNER (J. M.) Engineers' and Mechanics* Companion, 
comprising United States Weights and Measures, Mensura- 
tion of Superfices and Soiids, Tables of Squares and Cubes, 
Square and Cube Roots, Circumference and Areas of Cir- 
cles, the Mechanical Powers, Centres of Gravity, Gravita- 
tion of Bodies. Pendulums, Specific Gravity 01 Bodies, 
Strength, Weight, and Crush of Materials, Water-Wheeb, 
Hydrostatics, liydraulics. Statics, Centres of Percussion 
and Gyration, Friction Heat, Tables of the Weifjht of 
Metals, Scantling, etc., Steam and the Sream-Engine. 
Nineteenth edition, revised, i6mo, full morocco x 50 

— — F.nginecrs', Contractors', and Surveyors' Pocket Table- 
Book. Comprising Logarithms of Numbers, Logarithmic 
Sines and Tangents, Natural Sines and Natural Tangents, 
the Traverse '1 able, and a full and complete set of Excava- 
tion and Embankment Tables, together with numerous 
other valuable tables for Engineers, etc. Eleventh edition, 
revised, i6mo, full morocco Z $0 

SHELLEN (Dr. H.) Dynamo- Electric Machines. Translated, 
with much new matter on American practice, and man^ il> 
lustrations which now appear for the first time in print. 
8vo, cloth. New York. (In press) 

SHOCK (Chief-Eng. W. H.) Steam-Boilers : their Design, 
Construction, and Management. 4^ pages text. Illustrated 
with isfi wood-cuts and ^6 full-page plates (several double). 
Quarto. Illustrated. Half morocco 1500 

SHUNK (W. F.) The Field Engineer. A handy book of prac- 
tice in the Survey, Location, and Track-work of RailroadsL 
containing a large collection of Rules and Tables, original 
and selected, applicable to both the Standard and Narrow 
Gauge, and prepared with special reference to the wants of 
the young Engineer. Third edition, zamo, morocco, 
tucks 250 

SHIELDS (T. E.) Notes on Engineering Construction. Em- 
bracing l3iscussions of the Principles involved, and Descrip- 
tions of the Material employed in Tunnelling, Bridging, 
Canal and Road Building, etc., etc. izmo, cloth I 50 

SHREVE (S. H.) A Treatise on the Strength of Bridges and 
Roofs. Comprising the determination of Algebraic formu- 
las for strains in Horizontal, Inclined or Rafter, Triangulaij 
Bowstring, Lenticular, and other Trusses, from fixed and 
moving loads, with practical applications and examples, for 
the use of Students and Engineers. 87 wood-cut illustra- 
tions. Third edition. 8vo, cloth 350 






D. VAN NOSTRAND S PUBLICATIONS. 



13 



SIMMS (F. W.) A Treatise on the Principles and Practice of 
Levelling, showing its application to purposes of Railway 
Engineering and the Construction of Roads, etc. Revised 
ana corrected, with the addition of Mr. Laws's Practical 
Examples for setting out Railway Curves. Illustrated. 8vo, 
cloth fa SO 

STILLMAN (PAUL). Steam-Engine Indicator, and the Im- 
proved Manometer Steam and Vacuum Gau^res — ^their Utility 
and Application. New edition. i2mo, flexible cloth i oo 

STONEY (B. D.) The Theory of Strains in Girders and similar 
structures, with observations on the application of Theory 
to Practice, and Tables of Strength and other properties of 
Materi ils. New and revised edition, enlai^ged. Royal 8vo, 
664 pages. Complete in one volume. 8vo, cloth 12 



50 4 



STUART (CHAS. B., U. S. N.) The Naval Dry Docks of the 
UnKed States, illustrated with 24 engravings on steel. 
Fourth edition, cloth 6 

The Civil and Military Engineers of America. With 9 

finely executed portraits of eminent engineers, and illus- 
trated by en^;ravings of some of the most important works 
constructed m America. 8vo, cloth 5 

STUART (B.) How to Become a Successful Engineer. Being 
Hints to Youths intending to adopt the Profession. Sixth 
edition. lamo, boards 



00 



00 



50 



SWEET (S. H.) Special Report on Coal, showing its Distri- 
bution, Classification, and Cost delivered over different 
routes to various points in the State of New York and the 
principal cities on the Atlantic Coast. With maps. 8vo, 
cloth 3 00 

TEXT-BOOK (A) ON SURVEYING, Projections, and Port- 
able Instruments, for the Use of the Cadet Midiihipmen at 
the U. S. Nival Academy. Nine lithc^^raphed plates and 
several wood-cuts. 8vo, cloth 3 00 

TONER (J. M.) Dictionary of Elevations and Climatic Reg- 
ister of the United States. Coniainine, in addition to Ele- 
vations, the Latitude, Mean Annual Temperature, and the 
total Annual Rain-lall of many localities ; with a brief in- 
troduction on the Orographic and Physical Peculiarities of 
North Amenca. 8vo, cloth 3 75 

TUCKER (Dr. J. H.) A Manual of Sugar Analysis, includ- 
ing the Applications in General of Analytical Methods to 
the Sugar Industry. With an Introduction on the Chemis- 
try of Cane Sugar, Dextrose, Levulose, and Milk Sugar. 
8vo, cloth, illustrated 3 50 

TUNNER (P.) A Treatise on Roll-Turning for the Manufac- 
ture of Iron Translated and adapted oy John B. Pearse, 
of the Pennsylvania Steel- Works, with numerous engrav- 
ings, wood-cuts, and folio atlas of plates xo 00 
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VAN NOSTRAND'S SCIENCE SERIES. 

(i8mo, green boards. Amply illustrated where the subject 

demands.) 

No. 1. CHIMNEYS FOR FURNACES, FIREPLACES, AND 
STEAM-BOILERS. By R. Armstrong, C.E. Second edi- 
tion, enlarged ijo 

No. 2. STEAM-BOILER EXPLOSIONS. By Zerah Colbum. . 50 

No.^ PRACTICAL DESIGNING OF RETAINING WALLS. 
By Arthur Jacob, A. H 50 

No. 4. PROPORTIONS OF PINS USED IN BRIDGES. By 
Charles Bender C.E 50 

No. 5. VENTILATION OF BUILDINGS. By W. F. Butler. . . 50 

No. 6 ON THE DESIGNING AND CONSTRUCTION OF 
STORAGE RESERVOIRS. By Arthur Jacob, A. B 50 

No 7. SURCHARGED AND DIFFERENT FORMS OF RE- 
TAINING WALLS. By James S. Tate, C.E 50 

No 8. A TREATISE ON THE COMPOUND ENGINE. By 

iohn Tumbull, Jr. Second edition, revised by Prof. S. W. 
obinson 50 

No. 0. FUEL. By C. William Siemens, D.C.L.; to which i% ap- 
pended the VALUE OF ARTIFICIAL FUEL AS COM- 
PARED WITH COAL. By John Wormald, C.E ;o 

No 10. COMPOUND ENGINES. Translated from the French 
of A. Mallet 50 

No. II. THEORY OF ARCHES. By Prof. W. Allan 50 

No. 12. A THEORY OF VOUSSOIR ARCHES. By Prof. W. 
E.Cain tp 

No. 13 GASES MET WITH IN COAL-MINES. By J. J. At- 
kinson 9> 

No. 14. FRICTION OF AIR IN MINES. By J. J. Atkinson ... 50 

No. IS. SKEW ARCHES. By Prof. E. W. Hyde, C.E. lUus- 
trated 50 

No. 16. A GRAPHIC METHOD FOR SOLVING CERTAIN 
ALGEBRAIC EQUATIONS. By Prof. George L. Vose. . . 50 

No. 17. WATER AND WATER SUPPLY. By Prof. W. H. 
Corfield, of the University College, London 50 

No. 18. SEWERAGE AND SEWAGE UTILIZATION. By 
Prof. W. H. Corfield, M.A., of the University College, Lon- 
don 9) 

No. 10. STRENGTH OF BEAMS UNDER TRANSVERSE . 
LOADS. By Prof. W. Allan, author of *< Theory of Arches " 9) 



bjtct ♦ 



ID 
i&- 

... V 

n..50 

LS. 1 
..50 ■ 

By 

...50 

...9> 

IF 
..9 

£• ; 

\ ' 

? 

rend 

. ? ' 

.. •■■'' 

"' ..r 
\Xfi- ■ 

IB*. 

.•fi 

ose.. 



\ 



\ 



